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A Message From the President 


To the Institute Membership— 


ALL OF US who grew up on farms will recall the 
occasions when trimming and pruning of the ap- 
ple orchard became necessary. Dead wood and 
‘suckers’? had to be trimmed out, and the trees 
generally “‘tidied up.’”’ Some immediate crop 
was sacrificed, but if judiciously executed the 
process was salutary and in the end resulted in 
more shapely and accessible trees and more and 
better apples. 

Some such process as this, 
I hope, is what is happen- 
ing today to our American 
social and industrial sys- 
tem. If carried out with 
judgment and restraint the 
final results should be bene- 
ficial. Certainly a some- 
what more orderly and con- 
trolled industrial organiza- 
tion, for better or worse, 
seems to be gradually emerg- 
ing, and if lack of restraint 
does not result in destruc- 
tion of the “‘orchard”’ we all 
at least may hope for ‘‘more 
and better apples.” 

In this “tidying up’ of 
our social system the engi- 
neering profession as a 
whole, and the Institute in 
particular, must participate 
if they are to contribute to, 
and share in, its benefits. In fact several move- 
ments to this end are already under way or being 
considered. Among these are: (1) the Insti- 
tute’s new coordinated publication policy, (2) 
proposed ‘‘Junior’”’ grade of Institute member- 
ship, (3) Engineers’ Council for Professional De- 
velopment, (4) reorganization of American Engi- 
neering Council, (5) Coordinating Committee of 
Engineering Societies, (6) proposed National 
Advisory Board of Engineers, (7) licensing of 
engineers by various States, (8) State societies of 
licensed professional engineers, and (9) proposed 
National Society of Licensed Professional Engi- 
neers. 

In this seeming welter of developments and 
proposals, with various and apparently conflict- 
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ing purposes and motives, it is difficult to see 
clearly what courses the individual engineer, on 
the one hand, and the existing professional engi- 
neering societies, on the other, should pursue. 
Which of these movements have objectives con- 
sistent with those of the Institute and other 
similar societies, and which have not? If some 
of these objectives are different from those of the 
Institute, are they therefore objectionable, or are 
they in themselves legiti- 
mate and desirable? 

In several of these move- 
ments one or the other of 2 
objectives seems to pre- 
dominate. One of these is 
the professional advance- 
ment, the other the eco- 
nomic advancement of en- 
gineers. To what extent 
are these objectives mutu- 
ally antagonistic and to 
what extent sympathetic? 
Can both be consistently 
promoted by a single or- 
ganization or consistently 
supported by the same in- 


dividual? 
During the coming year 
your president will be 


obliged, perforce, to do con- 
siderable analytical think- 
ing in these matters, and 
with ye editor’s kind codperation he shall hope 
to do some of it ‘‘aloud,”’ so to speak, in ELEc- 
TRICAL ENGINEERING. If you should happen to 
agree with thoughts he may express, it would be 
helpful if you occasionally would drop him a line 
to that effect, and similarly contrariwise. Pos- 
sibly by thus thinking together we both may be 
enabled to steer a truer course through the mist. 

In anticipation therefore of occasionally writ- 
ing you further on the above and perhaps other 
topics, and of occasionally hearing from you in 
reply, I am 


Yours faithfully, 


The Institute on Its 50th Anniversary 


By J. B. WHITEHEAD, President A.I.E.E. 1933-34 


WO outstanding characteristics of the Institute’s 
work have been especially striking during my term 
as president. The first is the high degree of 
efficiency and the smooth operation which character- 
izes the chief feature of the Institute’s work, viz., 
the reception, the consideration, the publication, 
the presentation, and the discussion of technical 
papers. The enthusiasm, energy, skill, and compe- 
tence with which our technical committees function 
is evidently based upon a combination of profit from 
experience, and devotion to the Institute and its ideals. 
Changes of personnel, changes of administration, can- 
not disturb the smooth functioning of an organization 
perfected over the years and always animated by the 
highest professional spirit. Supported by an equally 
efficient and devoted headquarters staff, it is not to be 
wondered at that an incoming president, timorous 
with uncertainty, and dreading the necessity for the 
study of detail, should experience a feeling of im- 
mense relief at the realization of how large a propor- 
tion of the Institute’s work can go on without his 
attention and probably be the better therefor. 
My second vivid impression is related to that 
rather large group of questions which come before 
the board of directors of the Institute, which do not 
always fall naturally within the norimal scope of 
either our technical or our general committees, and 
‘which, therefore, necessitate factual examination, 
discussion, and, of course, ultimate decision. Now 
questions of this character are characteristic of all 
large organizations, and I would not call especial 
attention to them in our own case were it not that 
many of these questions originate within our own 
membership, and apparently because of failure to 
recall first, the basic purposes for which the Institute 
exists, and second, the provision already made by 
the Institute for the answering of them. It is this 
latter aspect of these questions which has struck me 
so forcibly, and which leads to the principal theme 
of this brief address. In it I propose to state anew 
the purposes and ideals of the Institute as set forth 
by its founders and so carefully nurtured and revered 
through these 50 years, and to point out certain 
dangers of departures from them, as yet not serious, 
but whose manifestations, if allowed to pass un- 
noticed, may increase to threatening proportions. 


Tue INSTITUTE’S TANGIBLE AND INTANGIBLE ASSETS 


First, however, and in order to indicate that my 
dominant feeling at this time is a hearty concur- 
rence in the happy spirit of our anniversary celebra- 
tion, and my confidence in a continuously expanding 
high future for the Institute, I ask you to review with 
me very briefly the grounds upon which, in our 
splendid anniversary issue of ELECTRICAL ENGINEER- 
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ING, in the celebration meetings in the various Sec- 
tions and Branches, and in this culmination meet- 
ing at the convention, we are basing our joy in the 
50th birthday of the Institute. The answer is easy 
and is found at once in our record of accomplishment. 

We may conveniently consider this record in terms 
of both tangible and intangible accumulated assets. 
Our material or tangible assets are obvious. Our 
contributions to the advance of the electrical art in 
ever-growing volume, as represented in the published 
file of our TRANSACTIONS; our continuous growth in 
membership only temporarily retarded at present; 
our unimpaired services to the membership in all 
phases of our work, even during the years of business 
depression; and finally, the distinguished list of 
names of those great engineers and scientists who 
have heartily participated in the Institute, and 
helped to build its high professional standards. 
These, I say, are some of our tangible assets. To- 
gether with others, they have been reviewed in de- 
tail in our recent publications and meetings, and I 
need not attempt to add anything to these reviews. 
Certainly they are sufficient grounds upon which to 
base a happy celebration. 

However, I take it that it is eminently appropriate, 
in an ainiversary year, to review also our intangible 
assets. These are the spirit which animates us, the 
traditions that guide us, and our faithfulness in 
carrying out the vision of the founders. Can anyone 
doubt that the glorious record of achievement, 
strength, and unity, with which this record is con- 
tinued from year to year is due to these intangible 
assets, to our unswerving adherence to the principle 
laid down by the founders that we exist primarily 
“for the advancement of the theory and practice of 
electrical engineering. . .and the maintenance of 
high professional standing. .- Theses latter 
phrases are in quotation marks. They are taken 
from our constitution. I cannot express too strongly 
my conviction that the remarkable growth and suc- 
cess of the Institute is primarily due to the single- 
mindedness with which successive administrations 
have adhered to the fundamental purposes of our 
existence, thus clearly stated. 


INSTITUTE INTEREST IN THE INDIVIDUAL ENGINEER 


The Institute has also indicated from time to time 
its concern for the “‘professional development” of 
the individual engineer. The question of the meas- 
ures which should be taken in furtherance of this 
concern has occasionally caused differences of opinion 
among our membership. The meanings of words 
are always elastic and subject to special interpreta- 
tion as related to the interests of those using them. 
To the more conservative of us, it has appeared that 
the Institute can best accomplish this purpose in 
the setting of high professional standards, in the 
maintenance of a high quality of technical papers 
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and discussions, in providing ample opportunity for 
younger members to hear and participate in meet- 
ings, to reward initial contributions, and to indicate 
desirable educational processes. To others, happily 
in my opinion relatively few in number, this avowed 
concern of the Institute for the professional develop- 
ment of a member has been interpreted as meaning 
an obligation to reach out if necessary into questions 
of semi-political and other controversial character 
often involving only the well-being of local engineer- 
ing groups or even individuals. 

As you know the Institute has adhered to the more 
conservative of these policies. That it has been 
actively interested in the professional welfare of its 
members is shown by its educational and other com- 
mittees concerned with professional status, in its 
support of the splendid Engineering Societies Li- 
brary, in the copious general matter in the monthly 
journal, and especially in the fine program of the 
Engineers’ Council for Professional Development. 

Does this mean that the Institute is not interested 
in the economic and social well-being of its members? 
By no means. It is very deeply interested in such 
questions and engages actively though indirectly 
in measures for their solution. It does mean, how- 
ever, that the Institute has always felt that these 
activities lie outside the traditional constitutional 
purposes for which it exists, that questions of eco- 
nomic and social status usually pertain to the engi- 
neering profession as a whole, rather than to the 
electrical group only, and finally, that the Institute’s 
concern and participation in such questions should 
be accomplished through joint agencies representa- 
tive of all branches of the profession. As you know, 
the Institute participates actively in a number of 
such joint organizations, committees, and boards 
set up from time to time for discussion and action in 
matters of common interest to the entire engineer- 
ing profession. What is not commonly understood, 
however, is that in practically every one of these 
cases, these agencies have been set up for the han- 
dling of just such types of questions as those we are 
considering, which seem to fall outside the tradi- 
tional functional purposes of the separate founder 
societies, could not be effectively handled by any 
one of them, or all of them acting separately, and 
which, if so handled, would undoubtedly divert at- 
tention and financial support from their respective 
technical and strictly professional activities. More- 
over, as evidence of the importance attributed by 
it to these matters of joint concern, the Institute 
has consistently assigned to these duties its most 
able and experienced professional talent. Our repre- 
sentatives on these joint agencies are commonly our 
presidents, past presidents, and past and present 
members of the board of directors. The Institute 
is, in fact, very deeply interested in both the pro- 
fessional and the economic status of the individual 
engineer and has always made ample provision for 
discussion and action on all public questions involv- 
ing his well-being. This clear separation of ques- 
tions of pure technical and professional character, 
as the Institute’s first concern, from those involving 
the economic and social status of individuals or 
groups, and the provision which has been made for 
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the separate adequate handling of each, are to my 


-mind fine evidence of the high professional spirit 


which has guided the Institute through the years, 
and its consequent success. 


ACTIONS ON NATIONAL QUESTIONS 


In order that you may understand the grounds 
which lead me to feel that this survey of old prin- 
ciples is desirable at this time, I will review briefly 
our action on several questions which have arisen 
during the past few months. These questions have 
emanated from our own membership, sometimes 
from individuals, and sometimes in the form of reso- 
lutions by individual Sections. 

It will be recalled that in the inauguration by the 
Government of aggressive methods for fighting busi- 
ness depression, every organization of whatever 
character and so including the Institute, was asked 
through the mail to subscribe to the principles of the 
N.R.A. and to follow this up with the submitting of 
a code regulating the organization’s activities. 
There was much immediate individual comment 
among our membership in opposition to any attempt 
to set up a code for engineers of the type proposed by 
the N.R.A., and no voice was heardinfavor. Ameri- 
can Engineering Council, one of our most: effective 
joint organizations with other societies which exist 
exactly for the purpose of investigating and advising 
on such questions, proved itself here as usual wide 
awake, developed further information, and con- 
ferred with counsel of N.R.A. as to advisable action 
for the national engineering societies. It was learned 
promptly that the provisions of N.R.A. were not in- 
tended to apply to scientific and professional bodies. 
The Institute received similar opinion from its own 
counsel. The matter appeared to have been promptly 
settled by existing agencies, without the necessity 
for more than passing consideration and action by 
the board of directors. Up to this point, therefore, 
this is an admirable example of the effectiveness of 
our organization, and of our connections for the han- 
dling of questions extraneous to our normal functions. 

However, as time proceeded, it was found that this 
clear separation could not be extended to certain 
branches of the construction industry in which many 
engineers were employed and that a code was being 
prepared which, in certain of its aspects, appeared 
likely to be regulatory in its effect upon certain 
classes of engineers. Several protests were received 
from both individuals and Sections with recommen- 
dations that the Institute should combat actively 
the setting-up of such a code. No specific recom- 
mendations of the action to be taken were made, nor 
was it immediately obvious as to how members of the 
electrical engineering profession were to suffer. In 
other words no conspicuously advisable action was 
indicated. However, it was soon realized that again 
in American Engineering Council and in other joint 
agencies with our sister societies, the matter was 
being discussed, apparent inequalities were being 
ironed out and, as time has progressed, it appears 
probable that if the engineers’ construction code is 
adopted at all, it will be of very limited application, 
and may not affect the greater numbers of the mem- 


ELECTRICAL ENGINEERING 


berships of the founder societies, including, of course, 
our own. Again, in this case, it will be seen that the 


handling of the question and its solution have been’ 


practically automatic under existing agencies. 

Another question which has occasioned wide con- 
cern, and properly so, is that of various disparities 
between the compensations of young, trained engi- 
neers and of ordinary labor, under the P.W.A. and 
the C.W.A. Here was an obvious injustice arising 
under Government regulations, and protests from 
somebody were obviously in order. American En- 
gineering Council was again on the job, with a 
thorough examination of the facts, protests to proper 
governmental quarters, a final uncovering as to 
where the principal trouble lay, and suggestions as 
to how it might be corrected. The accumulation 
of facts and subsequent study of these questions 
require time and effort such as may not commonly 
be asked by the Institute of the members of either 
its technical or general committees. American En- 
gineering Council, however, has been established 
primarily for just such purposes and in this, as in 
many other cases, has succeeded admirably. 

Another highly important question involving the 
engineering profession, and which cannot yet be said 
to have been satisfactorily answered is that of the 
encouragement by the Government for the estab- 
lishment of power plants under municipal and federal 
control which shall be in direct competition with 
others privately owned and in efficient operation. 
Suggestions that this is a matter for the Institute’s 
concern have not been as frequent in this case, but 
they have not been entirely wanting. 

Naturally the Institute is keenly interested in the 
many possible injustices of such a policy. However, 
it must be apparent that the Institute could not take 
an aggressive part in combating these measures 
without finding itself in a rapidly expanding program 
of public discussion outside its proper field with con- 
sequent demands upon the expert services of its 
members and committees, the expenditure of money, 
all to the serious detriment of normal programs of 
technical activities. In fact, the mere collection and 
analysis of information for the effective discussion 
of questions of this character would entail time and 
effort far beyond the normal voluntary services 
offered by its members to the Institute, and could 
not indeed be accomplished except through analyti- 
cal, professional study involving the whole-time ser- 
vices of competent men. Yet the board of directors 
has been memorialized by more than one Institute 
Section with proposals that we should take active 
measures for the prevention or combating of the 
Government’s action. What then was the proper 
course for the Institute to pursue? Its action was 
prompt. It referred the matter to American En- 
gineering Council, and in the protracted discussions 
within Council of this matter, a very broad position 
in which we concur, in the form of dignified protests 

to proper Government agencies, has been taken. 
' In passing I may point out how very effective in 
this series of matters have been the services of Ameri- 
can Engineering Council and how very important 
a part it has played in relieving the Institute of di- 
rect action in a variety of questions in which it is 
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deeply interested. The Institute is also deeply in- 
debted to United Engineering Trustees, to Engineer- 
ing Foundation, and to several other bodies with 


which it is jointly associated, in the handling of many 
other matters of wide importance to the engineering 
profession, and which cannot be satisfactorily han- 
dled by the respective member societies. A joint 
Coérdination Committee of Engineering Societies 
is at present reviewing the possibility of uniting into 
one general body these several important organiza- 
tions. Its first report has just been submitted to 
the respective governing boards. No doubt a well 
considered conclusion will be reached from these 
discussions. If I may be permitted to inject a per- 
sonal opinion, it has seemed to me that the respec- 
tive spheres of American Engineering Council, 
United Engineering Trustees, Engineering Founda- 
tion, and other similar joint bodies are so diversified 
in scope, intensity, and location of their activities, 
that even if they were united, new subordinate 
bodies or committees equivalent to the present or- 
ganizations would have to be set up. Certainly if 
an additional central body, with headquarters in 
New York, were set up, substantial further expense 
would be involved. Whatever may be the ultimate 
recommendation in this matter, it is my conviction 
that American Engineering Council must, for our 
best interest, be maintained in the high state of use- 
fulness and efficiency, which has characterized it in 
recent years. 


Tue INSTITUTE Has Dur CAUSE TO CELEBRATE 


But I must not close on a serious note. The 
things which I have mentioned need cause no 
great concern and are far from being wppermost in 
my mind. Our thoughts and feelings are attuned 
to our anniversary celebration. And well they may 
be. A splendid past, no vain regrets, a healthy and 
efficient present in hard times, and a brightening 
prospect for the future, can cause only satisfaction 
and rejoicing. 

As I approach the end of my term of office I find 
that I have 2 most vivid impressions. The first is 
of the fine morale, enthusiasm, and efficiency of our 
working committees, the vertebre of our profes- 
sional backbone. To chairmen and individual mem- 
bers I am happy to extend congratulations and 
thanks on behalf of the Institute. 

Equally impressive is the recollection of my series 
of visits to 19 of our Sections. It was an inspiration 
to find everywhere the high spirit of our central 
purposes and methods reflected practically without 
question; enthusiasm and devotion to the Institute 
and its ideals; local provision for effectively bring- 
ing the work of the Institute to the membership; 
active recruiting committees. In fact, in addition 
to its other blessings the Institute seems to me to 
enjoy excellent health in spite of its 50 active years. 

May I close with a brief but sincere personal word 
of thanks and deep appreciation to the board of 
directors, to the membership of all committees, to 
all Sections and Branches, particularly to those I 
have been able to visit, and to the headquarters 
staff, for their constant support and many courtesies. 
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Toward the Making of a Profession 


An illuminating analysis of the reasons for 
and obligations of a profession, and in 


particular of the A.I.E.E. 
By President, Case School 
WILLIAME. WICKENDEN * Aen sere 
MEMBER A.I.E.E. eveland, Ohio 


I. THIS paper an endeavor will be 
made to indicate not only the contributions of 
the Institute toward the making of a profession 
within its own sphere, but also to the growing and 
evolving part which professions in general are 
assuming in the manifold complex of functional 
units which make up the organism of a modern 
society. 

Of professions there are many kinds—open pro- 
fessions like music to which any man may aspire 
within the limits of his God-given talent, and closed 
professions like medicine which may be entered 
only by a straight and narrow legal gate; individual 
professions like painting, whose devotees refuse 
to be herded into an organized body, and group 
professions like law, whose members constitute a 
special class in society; private professions like 
authorship, and public professions like journalism; 
artistic professions like sculpture which invite 
imagination, self-expression, and technical pro- 
fessions like surgery which impose the most rigorous 
of disciplines; localized professions like dentistry, 
and expansive professions like diplomacy; pro- 
fessions like social work which aim only at ameliora- 
tion and professions like arms which achieve their 
ends through destruction. These diverse patterns 
may seem a mass of confusion and mutual contra- 
dictions; not so, for through all of them there runs 
a common warp on which each profession fashions 
its distinctive woof. 

A profession in the corporate sense is a guild 
organized for self-government, and one limiting 
its admissions and recognition by high standards 
of technical competency, ethical purpose, and social 
accountability. A profession is the corporate trustee 
of a distinctive body of organized knowledge, a 
science, and of a distinctive body of techniques and 
skills, an art. A profession is a body of persons 
who deal with problems that have social significance 
and lie on a high intellectual plane, in a relationship 
of individual responsibility. A profession is a body 
of persons with an articulate conception of social 
function and duty, which includes but transcends 
the specific duties and tasks of individuals, invests 
them with a significance beyond the expediency of 
a moment, and lays upon its members the duty to 
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consider their acts on a long-range time scale, and 
a wide scale of social consequences. 


EVOLUTION OF PROFESSIONS 


The obligations of a profession grow out of its 
origin and evolution and cannot be considered as 
things apart. Professions have evolved from 2 
types of parent stock, priestcraft with its magic and 
mysteries reserved to the initiate, and the corporate 
guilds of merchants and craftsmen which arose in 
the late middle ages. Engineering, without dispute 
has grown from the latter stem; the traditional 
learned professions from the former. 

The guilds developed in the gap between feudalism 
and the centralized state. In a period of disintegra- 
tion and remaking of the social order, before na- 
tional governments had taken over judicial powers 
or cities their familiar police powers, commerce 
could exist only by mutual policing and protection, 
and trade only by self-imposed control. The far- 
flung argosies and caravans of merchants had no 
embassies, consulates, navies, and armies from which 
to demand protection. For the crafts, mutual 
regulation of hours of labor, terms of apprenticeship 
and quality of workmanship was the only alternative 
to competitive anarchy. The religious philosophy 
of the times favored the idea. The middle ages 
regarded society as a commonwealth divided into 
divinely ordained functions, where individualism 
was to be frowned upon and group activity favored. 

When the cities began to consolidate their public 
powers, the guilds were already strongly entrenched. 
The cities recognized the priorities of the guilds, 
confirmed their privileges and monopolies and gave 
them a corporate part in the machinery of govern- 
ment. In London, the so-called “livery companies” 
preserve to this day these traditional prerogatives. 
The largest of the 3 federated educational units 
which make up the Imperial College of Science and 
Technology is the “City and Guilds Engineering 
College,” whose endowments were set apart, by 
public direction, from the funds of ancient craft 
and merchant guilds, as the nearest modern equiva- 
lent to the old-time encouragement and regulation 
of apprenticeship. 

In addition to regulating working conditions, 
quality of workmanship and apprenticeship, the 
guilds commonly required their members to con- 
tribute periodically to a fund for relief and burial 
of indigent craftsmen, to participate in certain 
religious observances, and to honor certain festivities 
and pageants. You may find all these features 
dramatically portrayed in Wagner’s opera ‘‘Die 
Meistersinger.”” Most of them are perpetuated with 
a striking persistence in our own group of profes- 
sional bodies. We engage in various forms of self- 
government; we associate ourselves in certain 
functions with cities, states, and nation; we maintain 
an employment service, and when occasion demands, 
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a relief service; The American Society of Me- 
chanical Engineers included a formal religious service 
and a historical pageant in its late jubilee; and we 
are today celebrating our own golden anniversary. 


SociaAL RELATIONSHIPS 


Under this time-honored tradition, the state 
accepts the actual or potential pre-existence of 
professional bodies, grants them public charters, 
grants or confirms more or less tangible monopolies 
and privileges, delegates certain police powers and 
recognizes their autonomy, in consideration of which 
each profession engages to admit only men of proved 
competency, to scrutinize the quality of their work 
and to protect the public against bungling and 
extortion. The admission of persons not strictly 
qualified to a professional body on a courtesy basis, 
or the winking at business piracy in any form or 
degree under the cloak of professional activity, is 
by its nature a breach of public trust. 

The occasion which calls for professional service 
is often a human emergency, aggravated by emo- 
tional stress, under which the layman cannot be 
trusted to judge for himself of the quality of the 
service proffered. The same is true only in less 
degree in public emergencies. Under these cir- 
cumstances the legal principle of caveat emptor— 
let the buyer beware—which holds in a purely 
commercial transaction breaks down. The public 
rightly places the burden of guaranteeing at least 
minimum standards of competency and ethics on 
the profession itself, and in return protects it from 
incompetent judgment by lay critics. 

Before turning to a consideration of the dis- 
tinctive professional qualities and services of our 
own body, it will be appropriate to recapitulate the 
standards by which the genuineness of professional 
status may be tested and its qualities appraised: 


ATTRIBUTES OF INDIVIDUAL PROFESSIONAL STATUS 


1. A type of activity, involving: 

a. A high degree of individual responsibility. 

b. The handling of problems of high social utility, on a high in- 
tellectual plane, under a code of ethical responsibility. 

c. The use of skills and techniques not commonly possessed. 

2. A motive of service, distinct from that of profit, which differen- 
tiates professional activity from ordinary business. 

3. A motive of self-expression, which implies a joy in one’s work, 
imposes an austere standard of self-criticism, and leads to a single 
standard of workmanship—one’s best. 

4. A conscious recognition of social duty, to be fulfilled among other 
means by: 

a. Sharing advances in professional knowledge. 

b. Guarding the standards and ethical codes of one’s profession 
and enhancing it in the understanding and esteem of the lay 
public. 

c. Rendering a fair share of gratuitous service, either to needy 
persons or for the public good in return for special advantages 
of education and status. 


ATTRIBUTES OF GROUP PROFESSIONAL STATUS 


1. A corporate trusteeship of a body of advanced knowledge (a sci- 
ence) and of a body of special skills (an art) held as a common pos- 
session and to be extended by united effort. , 

2. An educational discipline of professional aims and content, in 
which the professional body has a share of directive responsibility 
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usually associated with gradations of title or rank to mark the prog- 
ress of individual attainment. 
3. A standard of qualifications for professional recognition, based 
upon: 

a. Character, worthy of public trust in emergencies. 

b. Training of adequate degree. 

c. Competency, both technical and social, to determine the 

‘whether, when, and how,” of professional problems. 

4. A standard of conduct in relation to: 

a. Clients, based upon professional integrity. 

b. Colleagues, based upon regard for mutual rights. 

c. The public, based upon social and ethical intelligence. 
5. A formal recognition of status, by one’s colleagues or by or- 
ganized society (not common in the artistic professions). 
6. An organization based upon common interest in advancement of 
the profession and on social duty, rather than economic monopoly. 


Since a profession must so largely govern itself, 
it is assumed to maintain certain codes: 


1. A code of qualifications governing admissions. 

2. A code of ethical practices in relations with clients. 
8. A code of professional honor in internal relationships. 
4. A code of public obligations. 


RESPONSIBILITY OF MEMBERSHIP IN A PROFESSION 


The obligations of a profession are so much a 
matter of attitude that codes alone are not sufficient 
to sustain them. Equal importance attaches to 
the state of mind known as professional spirit, 
which results from associating together men of 
superior type, and from their common adherence to 
an ideal which puts service above gain, excellence 
above quantity, self-expression above pecuniary 
incentives, and loyalty above individual advantage. 
The professional man cannot evade the responsi- 
bility to contribute to the advancement of his group. 
His skill he rightly holds as a personal possession, 
and when he imparts it to another he rightly expects 
a due reward in money or service. His knowledge, 
however, is to be regarded as part of a common fund; 
hence the obligation to publish researches and to 
share advances in professional practice. if his 
abilities do not permit him to do so personally, he 
can at least pay his debt by contributing financially 
to the dissemination of the works of others. 

Many engineers need to be warned away from 
too short-sighted an attitude in this matter. There 
are doubtless thousands of us to whom the imme- 
diate tangible value of the publications of a pro- 
fessional society is much less than their cost, yet 
when one pauses to consider the magnificent body 
of knowledge which has been accumulated as a 
common heritage the tax levied in the form of pro- 
fessional dues assumes almost negligible propor- 
tions. Research is indeed one of the most potent 
means of enhancing a profession’s prestige, as the 
advance in the standing of the medical profession 
in the last 3 decades so clearly testifies. 

Professional status is therefore an implied con- 
tract to serve society in consideration of the honor, 
rights, and protection society extends to the pro- 
fession. Through all professional relations runs 
a 3-fold thread of accountability to colleagues, to 
clients, and to the public. Business moves toward 
the professional area as its management passes 
from proprietors to a distinct administrative caste 
with little or no immediate stake in the profits of 
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trade. In so far as the rewards and status of this 
caste rest on long-range prosperity rather than 
quick returns, it is able to maintain the attitude of 
accountability to investors, workers, customers, 
and the public, which is the irreducible element in 
professional standing. Whatever of social loss has 
resulted from the blurring of the engineer’s personal 
status, has been largely offset by what he has con- 
tributed as an administrator to the professionalizing 
of industry. 

The Institute’s emphasis on the several threads 
which make up the common warp of all professional 
activity has been unequal, to be sure, but its fidelity 
to the spirit and ideals has been notable. Con- 
sidering the youth of the profession, some selection 
among the many aspects of a mature professional 
life was inevitable and this selection has been marked 
by a discriminating wisdom. 


THE INSTITUTE IS BROAD IN SCOPE 


The inclusiveness of our membership has ranged 
us among the democratic rather than the aristo- 
cratic professional bodies. The scope of our in- 
terests has been wide enough to avoid an undue 
fragmentizing of personnel and activity. Among 
its sister organizations the Institute is notable for 
its success in assimilating the research scientist, 
on the one hand, and the industrial executive, on 
the other, into the common life of the profession. 
The one has been immensely fertilizing intellectually, 
and the other has advanced the frontier of pro- 
fessional service and standards in the business 
world. To it we may properly ascribe much of the 
high sense of social obligation which has character- 
ized the electrical industries as a group and the 
leadership exercised by their officers in advancing 
movements for the public good. As our profession 
is more closely integrated than almost any other 
with corporate activity and is perhaps least involved 
in purely personal emergency services, there has 
been only moderate need to guarantee to the public 
the competency and character of our men. Our 
unique mission has not been to draw professional 
lines sharply, as in medicine, but to infuse industrial 
activity with professional tone, with a high sense 
of trusteeship for the advancement of science, and 
with the standards of accountability to investors, 
employees, customers, and the public which pro- 
fessional service entails. 


CONTRIBUTIONS OF THE INSTITUTE TO EDUCATION 


The ideal of educational service to young engineers 
was paramount in the organization of the Institution 
of Civil Engineers in Great Britain, which has been 
the prototype from which many of our traditions 
were drawn. To this ideal the A.I.E.E. has given 
both generous and constructive support. There 
has been far more concern that methods of recruit- 
ment and training should be such as to provide an 
adequate personnel for the fast-growing industry, 
than to protect any monopoly interest of men 
already established in the profession. The In- 
stitute has encouraged and not policed education. 
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By giving the student a real part in the activities 
and associations of a professional body, it has done 
what the school alone could not do. The work of 
our beloved past president, Charles F. Scott, in 
articulating the interests of the schools, the in- 
dustries, and the Institute, as instruments for the 
education of the electrical engineer, is itself an epic 
in the history of professional life in America. 

The great work of stimulating engineers to a 
continuation of their serious education after the 
period of schooling has ended is the most important 
task immediately before the profession. Leader- 
ship in this field has been conspicuous in the elec- 
trical industries and it is but natural that members 
of the Institute have taken a conspicuous part in 
shaping the objectives of the Engineers’ Council for 
Professional Development. 


THe Many OTHER CONTRIBUTIONS OF THE IN- 
STITUTE 


The chief glory of the Institute has been its con- 
tributions to the making of the science and art of 
electricity and to establishing the new technique 
of progress to which the philosopher Alfred White- 
head alludes in his much quoted statement: 


“The greatest invention of the 19th century was the invention of the 
method of invention; ...it is that which has broken up the foun- 
dations of the old civilization.” 


In the traditional crafts—the making of metal 
objects, of pottery, of textiles and the like—the 
art came first and the science long after. The 
tempo of progress by unaided evolution was ex- ~ 
ceedingly slow. The greatest invention of the 
ancients, the art of writing, is believed to have re- 
quired a thousand years for its achievement. 

In modern times, the old order of crude invention 
followed first by slow refinement and ultimately 
by research has been reversed and the tempo of 
progress vastly accelerated. Savery and New- 
comer preceded Carnot by 125 years. Faraday’s 
great researches on electromagnetic induction were 
but 35 years in advance of Gramme’s generator 
and 54 years in advance of the Edison bi-polar 
machine. The mysteries of the ‘Edison effect’’ 
of 1883, revealed by Richardson’s researches on 
emission 20 years later, became fruitful almost 
immediately in Fleming’s 2-element valve and 
De Forest’s 3-element audion. 

Greater than any material resource or any endow- 
ment has been the Institute’s intangible contribu- 
tion to this science and art, through the stimulation 
of research, the recognition accorded to scientific 
disclosure, the dissemination of a literature of 
priceless value without reference to its commercial 
possibilities, the award of honors for notable achieve- 
ment, the spur of the rostrum and the forum, and 
the emulation of great men engendered among 
young engineers. It is to be doubted if the roster 
of any engineering organization of equal youth has 
been as rich in the names of great investigators and 
creative inventors. 

The formalizing of codes of professional courtesy, 


honor, and ethics has been to the Institute a sec- 
(Continued on page 1172) 
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Fundamental Laws of Photoelectricity 
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TRICITY comprises 

that part of physics 
dealing with the electrical 
effects produced when light, 
or more generally, radia- 
tion, falls on matter. The 
photoelectric effect, which 
was discovered in the last 
century, received little or 
no attention except from 
_ physicists until the last 
decade, when an amazing 
variety of applications of 
photoelectricity made the 
photoelectric cell almost a 
household word.  Essen- 
tially, the photoelectric cell 
is a device that delivers an 
electric current when light 
falls upon it, and, in gen- 
eral, the electric current is proportional, or nearly 
proportional, to the amount of light falling on the 
cell. Thus any change in the intensity of the light 
falling on the cell immediately produces a correspond- 
ing change in the resulting electric current. By 
means of properly designed amplifiers, it is possible 
to intensify this rather feeble electric current to any 
desired amount, and so the following applications 
among hundreds of others are practicable: auto- 
matic counting of objects when these objects are 
made to interrupt a beam of light, turning on of 
artificial light when daylight falls below a certain 
level, talking movies, television. However, it is 
not within the scope of this article to discuss the 
methods whereby these applications are realized; 
such a discussion now has become the province of 
the electrical engineer rather than that of the physi- 
cist. The purpose of this article is to give an account 
of the fundamental laws of photoelectric phenomena 
and their significance in the theory of the nature 
of radiation and of matter. 

In studying the photoelectric effect, the principal 
characteristics of the radiation will be considered 
on the one hand, and those of electric current on the 
other. The chief variables involved in the radia- 
tion so far as the photoelectric effect is concerned are 
its intensity, its wave length, and its state of polariza- 
tion. The photoelectric current has been shown to 
consist of a flow of electrons from the illuminated 
surface (restricting the discussion for the present to 
the photoelectric effect most investigated—that 
prevailing at metal surfaces). These photoelectrons 
vary in number, in velocity, and in direction of 
emission from the illuminated surface; it is the 
problem of the experimental physicist to find how 
these variables depend on the radiation variables, 
enumerated previously. Then again, different ma- 
terials have different photoelectric effects, and 
therefore systematic studies of the photoelectric 
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Although the present amazing variety of 
applications of the photoelectric cell has 
been developed entirely during the past 
decade, the photoelectric effect was dis- 
covered during the nineteenth century. 
This article gives a brief account of the 
fundamental laws of photoelectric phe- 
nomena and their theoretical significance; 
it is the eighth of a series of special articles 
prepared under sponsorship of the A.1.E.E. 
committee on education, for full details of 
which see p. 238 of the February issue. 


totally different viewpoints.”’ 


behavior of different ma- 
terials have beencarried out. 

The photoelectric effect 
is of considerable signifi- 
cance in that it furnishes 
evidence as to the nature of 
radiation. The nineteenth 
century was a century of tri- 
umph for the wave theory of 
light. All the accumulated 
experimental evidence 
pointed in one and the same 
direction, namely, that light 
could be described com- 
pletely as a wave motion in 
the hypothetical ether. 
These waves are essentially 
continuousinspaceand time. 
That istosay, theamplitude, 
if it changes, changes 
smoothly in any direction, 
and, if any one spot be considered, at that spot it 
changes continuously with time. At the end of the 
century, Planck found it necessary to introduce an 
element of discontinuity into radiation to account 
for the characteristic shape of the curve for the dis- 
tribution of energy in the spectrum of an ideal black 
body. Following this notion of discontinuity in 
radiation and deciding to abandon altogether all ele- 
ments of continuity in radiation in order to account 
for the photoelectric effect, Einstein in 1905 proposed 
to regard radiation as being made up of a torrent of 
tiny particles—corpuscles, photons, or quanta. Since 
then, a multitude of phenomena have been found 
which fit in most naturally with the new way of 
regarding radiation. 

Optical phenomena fall into 2 classes: One great 
class includes all phenomena that can be interpreted 
only by the wave theory; the other contains a vast 
quantity of experimental results accumulated since 
1900, which can be accounted for only by the cor- 
puscular or quantum theory. To use the words of 
Sir W. H. Bragg, physicists at one time were content 
as a temporary expedient ‘“‘to work with one theory 
on Mondays, Wednesdays, and Fridays, and with 
the other theory on Tuesdays, Thursdays, and Satur- 
days, but with the expectation that later on some- 
thing could be done about reconciling the two 
Recently it has been 
found that the ultimate particles of which matter 
is built, that is to say, molecules, atoms, electrons, 
protons, etc., have some properties that are de- 
scribable only in terms of waves. Consequently, 
the present situation is such that a// ultimate entities, 
radiation as well as atoms and electrons, have this 
twofold aspect: they seem to be particles and not 
waves for certain phenomena, and waves and not 
particles for other phenomena. Unable as physicists 
are to “‘picture’’ how this can be so from any large 
scale analogy that can be seen, touched, or handled 
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they accept this dualism as being a necessary, but 
unexplainable, part of a complete description of 
radiation and atomic phenomena. Photoelectric 
evidence in support of the corpuscular aspect of 
radiation now will be discussed. 


NUMBER OF PHOTOELECTRONS 
IN RELATION TO THE INTENSITY OF THE LIGHT 


During the past 40 years many investigators have 
examined the relation between the number of 
photoelectrons released and the intensity of the light 
used. The method of experimentation easily can be 
visualized. A photoelectric cell is connected in 
series with a galvanometer and with a suitable 
battery the voltage of which is such as to pull the 
photoelectrons, which are released at the surface of 
the illuminated cathode, away from the cathode. 
The intensity of the light is changed by one of 
several standard methods (moving the source to 
different distances and using the inverse square law 
to compute the intensity being a common method) 
and the corresponding photoelectric current is indi- 
cated by the galvanometer. 

In principle, any photoelectric cell could be used, 
but several factors often prevent commercial cells 
from giving the true relation. In the first place, 
one should use a vacuum cell because in gas filled 
cells, where the ionization by collision in the gas 
magnifies the original photoelectric current, the 
magnification factor may not be exactly constant. 
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Fig. 1. Circuit 
illustrating funda- 
mental properties 
of the photoelec- 

tric cell 


LIGHT 
—_ > 


(anne 
fff 


Even in vacuum cells, complications often arise 
because the large areas of bare glass inside the cell 
frequently accumulate electrons which disturb the 
electric field inside. Also, these bare surfaces may 
have formed upon them monatomic transparent 
films of the active metal which, however, are more 
or less photoelectrically active and therefore con- 
tribute in an incalculable way to the measured 
photoelectric current from the illuminated surface. 
These brief remarks may serve to explain why, in 
an apparatus designed to test the fundamental rela- 
tions between the photoelectric current and the 
intensity of the light, extreme care has to be exer- 
cised to obviate any complication of the effect one 
is investigating. The conclusion of all investigators 
who have satisfied themselves that their cells are 
designed properly so as to measure the fundamental 
relationship unmodified by spurious effects, is that 
there is a strict proportionality between the number 
of photoelectrons and the intensity of the light 
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producing them. (This relationship often is found 
for commercial cells, but cannot safely be assumed 
to be necessarily true for all such cells.) Such a 
result is a natural consequence of the corpuscular 
theory of light, for the number of photoelectrons 
released should be directly proportional to the 
number of quanta of light falling on the surface. 
What one should expect on the basis of the wave 
theory is not so clear. 


VELOCITY OF PHOTOELECTRONS 
AND THE INTENSITY OF THE LIGHT 


Velocity of photoelectrons is generally measured 
by, and expressed in terms of, the voltage necessary 
to stop them. Thus if A (Fig. 1) is the illuminated 
plate in front of which is a grid 6, through which 
the light passes, the photoelectrons from A will get 
across to grid B, in spite of the retarding voltage V, 
if their kinetic energy (1/2)mv? exceeds Ve, the gain 
of potential energy, where e is the charge on the 
electron and m its mass. The procedure then is to 
increase V by small increments until the photo- 
electrons no longer get from A to B. When this 
condition prevails, the velocity of the fastest elec- 
trons is given by Ve = (1/2)mv?. 

Now it is found that the velocity of the electrons 
is totally independent of the intensity of the light 
falling on A. No matter whether the intensity of 
the light is so feeble that only a few photoelectrons 
are emitted in a minute or so strong that billions are 
emitted per second, the velocity with which they 
are emitted is precisely the same. Such an effect 
is quite unexpected on the basis of the wave theory 
of light, for, since intensity in the wave theory is 
measured by the amplitude of the wave, it is natural 
enough to suppose that the stronger the amplitude of 
the electric forces in the light beam, the more vigor- 
ously would the photoelectrons be ejected. Yet 
this is not so. 

On the basis of quantum theory, the ejection of a 
photoelectron is, so to speak, a private affair between 
the electron and the quantum concerned in ejecting 
it. Whether few or many such quanta are raining 
on the surface does not matter; the velocity with 
which any individual electron is ejected by an in- 
dividual quantum depends only on the nature of 
that particular quantum and is completely independ- 
ent of the effects of other quanta at other parts of 
the surface. 


VELOCITY OF PHOTOELECTRONS~ 
AND THE COLOR OF THE LIGHT 


By substituting the quantum viewpoint of radia- 
tion for the wave aspect in an attempt to account 
for the photoelectric effect, Einstein, in 1905, made 
an exceedingly bold prediction as to the relationship 
to be expected between the velocity of electrons and 
the wave length of the light. According to the 
quantum theory, the energy in a quantum is sy, 
where / is Planck’s constant and » the frequency of 
the light. The latter depends on the wave length 
through the well-known relation »\ = c, where X 
and c are the wave length and velocity of light, 
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respectively. Thus, the higher the frequency, or 
the shorter the wave length of the light, the more 
energy there is in the quantum. It is assumed now 
that when the quantum is completely and instan- 
taneously absorbed in the surface, all its energy is 
taken up by an electron, which then starts off with 
its newly acquired energy (1/2)mv?. If the quantum 
passes through the surface, it has to give up an 
amount of energy, p, to overcome surface electric 
forces that prevent, or tend to prevent, electrons 
from escaping. This leads to Einstein’s famous 
photoelectric equation 


(1/2)mv? = hy — p (1) 


It is clear that this equation predicts that the energy 
of escape is a linear function of the frequency. 
That this was true experimentally was established 
simultaneously and independently in 1912 by 
Hughes and by Richardson and Compton. Four 
years later, Millikan verified the relation to a very 
high degree of accuracy, so that his measurements 
gave a precision determination of the highly im- 
portant Planck’s constant, h. 


THE PHOTOELECTRIC THRESHOLD 


It is clear from eq 1 that if there were no forces 
at the surface tending to hold the electrons in, then 
all radiation, no matter how small its frequency or 
how long its wave length, would eject photoelectrons 
with the proper energy (!/2)mv?. It is the finite 
size of p, the ‘‘work function” of the surface, that 
prevents this happening. The value of p depends 
greatly on the nature of the material and also on 
the state of the surface. For example, removing 
occluded gases from a surface by prolonged heating 
may change p by a large factor, possibly often by as 
much as 30 per cent. A surface from which impuri- 
ties, such as occluded gases, have been removed is 
presumably the photoelectric threshold of a ‘“‘clean’”’ 
metal. The alkali metals, which are electropositive 
(i. e., lose electrons easily), have unusually low work 
functions and so their thresholds lie in the visible 
spectrum or in the infra-red region. On the con- 
trary, metals like platinum and tungsten, which are 
electronegative (i. e., part reluctantly with electrons) 
and are chemically somewhat inert, have relatively 
large work functions; their thresholds are in the 
ultra-violet range. 

The material with the lowest known work func- 
tion, i. e., with a threshold in the infra-red region, is 
a composite surface consisting of a supporting sur- 
face of silver, then a very thin layer of an oxide of 
caesium, over which is laid a monatomic layer of 
caesium atoms. Such surfaces are employed in 
many modern photoelectric cells, since they are 
sensitive to a wide range of wave lengths, and there- 
fore give a greater response to white light than cells 
having larger work functions. 


Fow.Ler’s THEORY OF THE PHOTOELECTRIC EFFECT 
Previous to 1927 it had been supposed that the 


electrons within a metal behaved very much like 
molecules of a gas in an enclosure the boundaries 
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of which coincided with those of the metal. The 
higher the temperature, the greater is the kinetic 
energy of the molecules. However, even at 1,000 
deg C the average kinetic energy of the molecules 
(or electrons) is about !/1) of an electron volt. 

In 1927, Pauli proposed a very different picture 
of the state of the electrons in a metal. According 
to this picture the electrons are moving with far 
greater kinetic energies (of the order of 6 electron 
volts) than they were supposed to have by the old 
theory. What is more significant is that their 
energy is almost, but not quite, independent of the 
temperature, whereas by the previous theory, the 
energy was directly proportional to the tempera- 
ture. Using this new viewpoint, Fowler found that 
the photoelectric threshold should appear to shift 
slightly with the temperature—a result not to be 
expected on the basis of the older theory—and 
moreover, predicted how the photoelectric current 
should depend on the temperature and on the fre- 
quency near the threshold. (To be strictly correct, 
a clear cut threshold exists only at absolute zero; 
at other temperatures electrons should be found for 
lower frequencies, though to be sure in rapidly 
diminishing number at frequencies decreasing from 
the threshold.) This prediction was verified quanti- 
tatively by DuBridge in a series of very skillfully 
designed experiments. There is convincing proof 
therefore that the new picture of the state of elec- 
trons in a metal fits the facts better than the theory 
previously held. 


THE SELECTIVE PHOTOELECTRIC EFFECT 


In 1894, 2 of the pioneers in the field of photo- 
electricity, Elster and Geitel, found a remarkable 
dependence in the photoelectric effect of sodium- 
potassium alloy on the state of polarization of the 
light used in their experiments. They directed a 
beam of light obliquely at the surface. The plane of 
polarization of this light could be rotated by means 
of a Nicol prism. When the light was polarized so 
that the electric force coincided with the plane of 
incidence, under which conditions there was a com- 
ponent perpendicular to the surface, the photoelectric 
effect was far greater than when the electric force 
was perpendicular to the plane of incidence and so 
was entirely parallel to the surface. This is pre- 
cisely what would be expected on the basis of the 
wave theory of light, for it is reasonable to suppose 
that if the electric force has any component per- 
pendicular to the surface it will be much more 
efficient in ejecting photoelectrons than when it is 
entirely parallel to the surface. An immense amount 
of work has been done on all kinds of surfaces in this 
field. For years quantitative correlation with theory 
was impossible to effect. It is true that when the 
light is polarized in the plane that gives the bigger 
effect, more of it is absorbed than when it is polarized 
in the other plane; but the trouble is that the 
difference is not nearly large enough to account for 
the large differences in the corresponding photo- 
electric effects. 

Extensive work by Ives at the Bell Telephone 
Laboratories has shown that a radically different 
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point of view is necessary to bring theory and ex- 
periment into accord. It is well known that when 
waves of light are reflected in part from a surface 
the reflected waves combine with the incident rays 
to give a pattern of standing waves in the vicinity 
of the surface. The amplitude, and therefore the 
energy, of the electromagnetic disturbance may be 
computed just at the surface. The magnitude of 
this will depend greatly on the angle of incidence 
and on the state of polarization of the light. It is 
found that the magnitude of the photoelectric effect 
is related closely to the energy of the disturbance. 
Consequently, this new viewpoint of Ives may be 
considered to be a very important contribution to 
the theory of the selective effect. 


PHOTOCONDUCTIVITY 


So far, the effects arising when light falls on a 
metal surface have been considered; in addition, 
electrical effects are to be found when light is ab- 
sorbed throughout a finite volume of some semi- 
transparent substance. The change in resistance 
of a certain form of selenium when illuminated, was 
known long before the ordinary surface photoelec- 
tric effect was discovered. Yet, although hundreds 
of investigations have been made of it, but little is 
known as to the totality of effects in selenium. 
It was recognized that the photoconductivity of 
selenium probably was related to its crystalline struc- 
ture. This led to a study of the effect of light on 
the conductivity of large single crystals. Prac- 
tically all the present information in this field has 
been acquired since 1920 and has resulted almost 
entirely from the work of 2 Germans, Gudden and 
Pohl. 

Comparatively few crystals change in conductivity 
when illuminated; in those that do, a secondary 
effect, not at all photoelectric in its nature, generally 
obscures the fundamental photoelectric effect. Thus 
any considerable photoelectric current passing 
through a crystal when illuminated alters it in such 
a way as to diminish its resistance. Hence, in order 
to study the underlying photoelectric effect success- 
fully, it is necessary to work with the smallest 
possible currents so as to secure the least possible 
disturbance of the crystal. When this is done 
properly for crystals such as diamond and zinc 
blende, the photoelectric current is found to. be 
directly proportional to the intensity of the light. 
It starts and stops instantly with the light. Per- 
haps the most convincing result found is that the 
number of photoelectrons released is very nearly 
identical with the number of quanta absorbed in the 
crystal. Under the influence of a sufficiently strong 
field the electrons released will move toward the 
anode, leaving the places from which they started 
positively charged. This results in the building up 
of a strong space charge within the crystal, an effect 
readily demonstrated. 

In certain crystals, such as rock salt, nophotoelectric 
current can be found if the crystals are perfectly 
clear and transparent. Such crystals sometimes 
can be colored by long exposure to X rays and by 
other agents. When in this state, they show strong 
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photoconductivity on illumination by visible light. 
It is believed that the colored rock salt owes its color 
to the presence of neutral atoms of sodium dispersed 
through the regular rock salt lattice. When light is 
absorbed by any one of these neutral atoms, it emits 
a photoelectron and so the existence of a photoelec- 
tric current is accounted for. 


CuUPROUS OXIDE CELLS 


It has been known for a long time that, if cuprous 
oxide (Cu,O) is formed on copper by heating in 
oxygen, the interface between the oxide and the 
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Fig. 2. Cuprous 
oxide photoelec- 
tric cell devised 
by Lange in 1930 


CUPROUS 
OXIDE 


metallic copper acts as a rectifier. If a current be 
considered as a flow of electrons, such an interface 
offers a high resistance to the movement of the elec- 
trons when the voltage drop is such as to drive them 
from the oxide to the copper; but it offers a low re- 
sistance to the movement of the electrons when the 
voltage drives them from the ‘copper to the oxide. 
In 1926, Grondahl noticed that the behavior of such 
a rectifier was influenced by illumination, and realized 
that it could be used as a photoelectric cell. Noth- 
ing further was done until 1930 when Lange devised 
an arrangement of the materials to allow as much 
light as possible to reach the sensitive interface and 
so give a large photoelectric current; his arrange- 
ment is shown in Fig. 2. A thin layer of cuprous 
oxide is formed on a base plate of copper, which 
forms one electrode. The other electrode may be a 
grid pressed on the top surface, or a semitrans- 
parent film of metal deposited by evaporation or 
sputtering. When light falls on such a cell, it is 
found that the photoelectric current is directed so 
that electrons flow from the oxide to the copper— 
an unexpected result, for this is the direction in 
which the device, regarded as a rectifier, has a high 
resistance. 

The yield of such cells is astonishingly high, a 
result that, because of its practical implications, led 
to an intensive study of such cells immediately after 
Lange published his discovery. It should be noted 
that this cell gives a photoelectric current without 
any need of an auxiliary battery to supply voltage. 
This must mean that the kinetic energy of the elec- 
trons is sufficient to carry them across the interface 
from the oxide to the copper. The fundamental 
primary effect at the interface may be either the 
development of an electromotive force or the de- 
velopment of a current. Experiments carried out by 
Auwers and Kirschbaum show that the latter is 
correct. Such a result is in accord with the view 
that each quantum of light sets free a photoelectron 
and the current is directly proportional to the num- 
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ber of photoelectrons made available. It is found 
‘that the passing of the photoelectrons across the 
interface tends to set up a voltage difference across 
it which, because it is in the direction of easy flow 
for the electrons across the boundary (regarding the 
cell in its rectifier aspect), causes many of the 
electrons to leak back across the interface. Thus 
the cuprous oxide cell itself tends to act as an un- 
desirable shunt, which allows some of the photo- 
electrons to leak back instead of going through the 
indicating instrument in the outer circuit. Because 
of this effect it is desirable to keep the resistance of 
the outer circuit, including the meter, as small as 
possible. When this is done, the current indicated 
by the instrument is found to be very closely pro- 
portional to the amount of light falling on the cell. 

The cuprous oxide cell has a threshold in the far 
infra-red region, and a maximum sensitivity in the 
near infra-red region, i.e., not far from the red 
boundary of the visible spectrum. The position of 
the maximum is determined, in part, by the strong 
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| [eee for many years a 
dream of inventors, has become a reality through the 
ingenious application of fundamental principles in 
electrical engineering. It differs from other methods 
of electric communication, including particularly 
telephotography, by providing practically instan- 
taneous transmission and reproduction of scenes 
with the illusion of motion. Its development has 
reached a stage where broadcasting and reproduction 
of entertaining programs are technically feasible. 
Pending commercialization, development proceeds 
toward improving details. 

Several outstanding advances in television methods 
have made possible its present practicality. Among 
these are electronic scanning, receiver synchronizing 
via the signal channel, light sensitive devices of 
greater sensitivity than the simple photoelectric 
cell, and improved technique and apparatus for am- 
plification. The relation between essential units of 
a complete modern television system incorporating 
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absorptive properties of the oxide which, even in a 
thin layer, absorbs the visible spectrum strongly and 
so allows very little light to pass through to the 
interface where the photoelectric activity originates. 
Such a view is confirmed by the results obtained with 
a “front wall’’ cell, i.e., a cell so made that the 
active interface is the one between the semitransparent 
metal film and the copper oxide. In such a cell 
there is less absorbing material for the light to go 
through and, as would be expected, a much greater 
sensitivity in the visiblespectrum. Further informa- 
tion about the photoelectric effect may be found in: 


1. PHOTORLECTRIC PHENOMENA, A. L. Hughes and L. A. DuBridge. Mce- 


Graw-Hill Book Co., New York, 1932. 


2. PuHoToevectricity, H. S. Allen. Longmans, Green and Co., New York 


and London, 1925. 


3. Puotroceris, V. K. Zworykin and E. D. Wilson. 
New York, 1930. 


John Wiley and Son, 


4. Cuprous OxipE RECTIFIER AND PHOTOELECTRIC CELL, L. D. Grondahl. 
Review of Modern Phsyics, v. 5, 1933, p. 141. 


5. PxHotoconpuctivity, C. M. Nix. Review of Modern Physics, v. 4, 1932 
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A number of recent advances in television 
methods, such as electronic scanning, re- 
ceiver synchronizing via the signal channel, 
and light sensitive devices of great sensi- 
tivity have made possible the construc- 
tion of television equipment which is thor- 
oughly useful. Scenes with motion thus 
may be transmitted instantaneously, and 
the resulting image is stated to be almost 
equal in detail to good home motion pic- 
tures. The various units of a complete 
modern television system are discussed in 
this paper, with particular emphasis on the 
scanning, amplifying, and light translation 
devices. Transmission is stated to be feasi- 
ble by either wire or radio. 


these late improvements is shown diagrammatically 
in Fig. 1. The various units of the system will be 
discussed in detail following an outline of the system 
with reference to this diagram. 

The transmitter centers about the “pick-up” or 
analyzer which, in the Farnsworth television system, 
is known as the “‘image dissector,’’ A in Fig.1. This 
vacuum tube converts the various light intensities 
of a scene focused upon its photo-sensitive surface 
into fluctuations of an electric current. It is also 
part of the scanning system which includes its en- 
veloping coil assembly B and the scanning oscilla- 
tors Cand D. ‘Their combined function is to analyze 
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the area of the scene into a regular succession of 
space elements and convert them into corresponding 
signal currents suitable for transmission over a 
single communication channel. The current im- 


pulses are amplified by the electron multiplier £, 
which is an integral part of the tube, and by the 
vacuum tube amplifiers F and G, to produce signal 
voltages great enough to modulate a radio carrier. 
The connections H and K between the scanning 


circuits and the amplifier provide signal impulses for 
automatically synchronizing the reproducers which 
are tuned to the transmitter. 

The heart of the reproducer is the cathode ray tube 
M which converts the received electric impulses into 
corresponding variations of light intensity, and ar- 
ranges them in regular space sequence so as to re- 
produce the image of the scene at the transmitter. 
This is accomplished with the aid of the scanning 
system consisting of the coils NV-N, the associated 
oscillators O-O and the tube WM itself. Again the 
scanning oscillators are linked to the signal channel, 
as indicated by P, to effect automatic control from 
the transmitter. 

Action at both the transmitter and the reproducer 
involves the same general processes, namely: scan- 
ning, light translation, amplification, and the inter- 
mediate propagation of the signal. The scanning 
process at the transmitter analyzes the space di- 
mensions of the field of view into a time function of 
electric current; that at the reproducer synthesizes 
the electric currents into an orderly space sequence. 
The light translation process at the transmitter con- 
verts light intensities into electric intensities, and at 
the reproducer performs the converse operation. 
Amplification compensates for the inefficiencies of 
translation and transmission while propagation of 
the signal completes the train of processes. 


SCANNING 


The effect of scanning is similar to that obtained 
by moving a small aperture, / units in width and 
height, horizontally across the picture field, as 
indicated in Fig. 2. If the aperture is moved across 
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n closely adjacent parallel strips, it covers an area 
H =n X h units high (1) 


The 2-dimensional area of the picture is thereby re- 
duced to 1-dimensional line. The picture is thus 
dissected into elementary squares each of whose 
different average intensities in light is converted 
into different intensity or magnitude of electric cur- 
rent. Consequently, the 2 characteristics of an elec- 


Fig. 1. A modern television sys- 
tem, showing elements of trans- 
mitter and receiver 


tric current, its duration in time and its magnitude 
or amplitude, convey the space dimensions and light 
intensities, respectively, of a scene over a single 
channel as a magnitude-time function. ; 

Conversely, at the receiver, the magnitude-time 
function is converted into 2-dimensional space areas 
of different light intensities, regularly assembled to 
constitute a visible duplicate of the image at the 
transmitter. 

The signal-producing and picture reproducing 
mechanism cannot distinguish detail smaller than 


SCANNING APERTURE 


Fig. 2. The 
scanning 
operation 


The aperture and 
scanning line are 
of — proportions 
for 240-line pic- 
ture 

The wave below 
the picture results 
from scanning the 
line set apart 
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ELECTRICAL ENGINEERING 


scanning aperture. Therefore, the amount of 
detail in a reproduced picture depends upon the size 
of the scanning aperture and upon the ability of the 
electric circuits to respond to the rapid changes of 
signal intensity during scansion. As the circuits 
-are generally designed to respond to as many changes 
of intensity per unit length of scanning line as there 
are lines per unit height of picture field, it is custom- 
ary to define the detail in terms of the number of 
lines in the field. Experiments indicate that at least 
200 lines per picture field are essential in producing 
pictures that are satisfactory for sustained enter- 
tainment. (See ‘“Television,’”’ a book, by Edgar H. 
Felix, McGraw-Hill Book Co.; and ‘Notes on 
Television Definition,’ by W. H. Wenstrom, I.R.E. 
iPyoc., V. 21, no. 9, 1933, p. 1317-27.) 

The time allowable for scanning the entire picture, 
as determined from the eye’s persistence of vision, 
may be from 1/1. to 1/3) sec, depending upon the 
rapidity of motion of objects in the scene, the toler- 
able amount of flicker, and the brilliance of reproduc- 
tion. (See “The Principles of Optics,” a book, by 
A. C. Hardy and F. H. Perrin, McGraw-Hill Book 
Co.) Periods of 3/2), 1/24, and 4/39 sec are common 
in current experimental work. 


ELECTRONIC SCANNING 


Electronic scanning with the image dissector 
analyzer and its auxiliaries, A-B Fig. 1, closely ap- 
proaches the elementary operation of Fig. 2. It 
is accomplished by periodic magnetic deflection 
of cathode rays set up by an optical image of the 
scene to be transmitted. Scanning in this device is 
closely associated with light translation as they both 
take place in the same tube. 

In operation of the image dissector, Fig. 5, a lens 
a produces an optical image of the scene to be trans- 
mitted on the translucent photo-electric film 0. 
This emits electrons in numbers proportional to the 
intensity of illumination of the opticalimage. Elec- 
trons from any point of the image on 0 are brought to 
a focus at a corresponding point on the anode x to 
which they are drawn by its positive potential. The 


Fig. 3. Television pick-up; analyzer for electronic 
scanning 
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focusing is accomplished electromagnetically as 
described in Appendix I, where it is shown that the 
d-c field of coil ¢ overcomes the divergence of the 
electron paths indicated by the dotted lines d. 
The result is as if the electrons all traversed parallel 
paths e. Thus, the distribution of cathode rays im- 
pinging upon the surface of x represents truly the 
optical image on 0, and an electrical image is said 
to exist in the plane of x. 

In the center of x is a square aperture 7 whose area 
is h? = (H/n)* from eq 1, where H is determined by 
the dimensions of the tube and u by its intended 
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Fig. 4. Television reproducer; 
electronic scanning 


application. Aperture z selects the cathode rays 
from an elementary area of the electrical image as the 
aperture in Fig. 2 selects the light. Thence the 
rays pass into compartment v containing the elements 
of an electron multiplier which is part of the amplifier. 
These rays constitute an electron current flowing 
into v, whose magnitude is always proportional to 
the brightness of the part of the optical image whence 
the electrons are emitted. This current constitutes 
the initial picture signal which is amplified in 2, 
and succeeding stages F and G of Fig. 1. 

To scan the scene, alternating currents are sup- 
plied to coils o and gq, Fig. 5. Their transverse 
magnetic fields, superimposed on the longitudinal 
d-c field of coil c, cause the cathode rays e to bend as 
explained in Appendix I. This displaces the electrical 
image on x by an amount proportional to the in- 
stantaneous value of the scanning current. The 
fields of o and g act at right angles to each other. 
The amplitude of current in o and in q is each ad- 
justed to cause a total displacement equal to the cor- 
responding dimension of the image on x. The a-c 
supplied to coil o has a frequency equal to the picture 
frequency, N. The frequency supplied to coil g 
is N times the number of scanning lines desired. 
For a 240 line picture repeated 24 times per second, 
o would carry a 24 cycle current and g a 5,760 cycle 
current. The resultant horizontal and_ vertical 
motion of the electrical image across the aperture 7 
is equivalent to a traversal of the image by the 
aperture as described in connection with Fig. 2. 
A complete analyzer unit including lens and scanning 
coils is shown in Fig. 3. Current for the tube and 
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Fig. 5. The Farnsworth image 
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scanning coils is supplied over a cable which also 
has a conductor for the signal output. 


SAWTOOTH WAVE REQUIRED FOR SCANNING 

The scanning currents are supplied to coils o and 
gq by vacuum tube oscillators 7 and p, respectively, 
Fig.5. The wave form of these currents is important 
because the signal intensity depends upon the rate of 
scanning. Therefore, if the rate of scanning is un- 
uniform across the width of a picture field, the signal 
will not bear the same relation to light intensity in 
all parts of the field. This effect is exaggerated by 
the reproducer so that the picture appears to be un- 
equally illuminated. To insure a uniform scanning 
rate a ‘“‘sawtooth’”’ wave form scanning current is 
employed. (See Fig. 7.) Such a wave form pro- 
vides straight-line variations with time for scan- 
ning (C-A Fig. 7), and quick back-traces A-B. 
The latter provide convenient intervals in the pic- 
ture signal for transmission of synchronizing im- 
pulses to control reproducer scanning. In Fig. 7 
is shown the relation between the synchronizing 
impulses and the scanning wave. 

The circuit of the oscillators used in the Farns- 
worth system to supply the sawtooth scanning cur- 
rents is shown in Fig. 6. It employs a special tetrode 
similar to the ordinary power tubes employed in 
radio receivers except for the grid used for syn- 
chronizing. The circuit is similar to that of the 
conventional vacuum tube oscillators, but the pecu- 
liar wave form results from 2 unusual circuit pa- 
rameters. First, the iron core transformer works in 
the region of saturation during part of the cycle; 
second, the grid of the tube is over-excited by an ex- 
cessively large voltage developed in the grid winding 
of the transformer. The frequency is adjusted by 
varying the time constant of the R-C circuit in series 
with the grid winding. In the reproducer, the fre- 
quency, when set to the approximately correct value 
by variation of the grid leak, is controlled by signal 
impulses applied to the synchronizing grid of the 
tube. The same circuit, except for the manner of 
connecting to the deflecting coils, is used for both low 
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and high frequency scanning. The generators con- 
sume from 10 to 30 watts each and are entirely de- 
pendable. The same type of generator is used in 
transmitter and receiver. 


ELECTRONIC SCANNING IN THE REPRODUCER 


Electronic scanning in the reproducer operates. 
on essentially the same principles as it does in the 
analyzer. The chief difference is that the electron ~ 
stream in the cathode ray reproducer tube is of small 
cross section in contrast to the complex bundle of — 
rays in the image dissector. The small ray in the 
reproducer tube is magnetically focused to a small 
spot on the fluorescent screen in the tube and is 
deflected back and forth across the screen by fields 
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Fig. 6. A sawtooth wave 
generator 


of sawtooth alternating currents in such a way that 
the desired area of the reproduction is traced with 
240 or more parallel lines each '/24 sec. The picture 
signal acting on a grid in the cathode ray tube modu- 
lates the ray as it moves about and thereby repro- 
duces the scene upon the fluorescent screen. 


LiGHt TRANSLATION IN THE ANALYZER 


Light translation in the photo-electric film of the 
analyzer is essentially a conversion of light energy 
into that of electron motion whereby electrons are 
released from the photo-surface. The chief require- 
ments of the photo-electric film for television are 
sensitivity, rapidity of response, electron emission, 
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linearity between emission current and light in- 
tensity, and response to a convenient color range. 

Maximum sensitivity and rapidity of response are 
made particularly necessary by the scanning opera- 
tion as shown by the following example. It was 
determined by experiment with the dissector that a 
picture field illuminated at an intensity of 188 ft-c 
produced an image of 1.37 ft-c intensity on the sur- 
face of b, Fig. 5, when a fast lens was used. The 
area of the image on 6 was 0.0875 sq ft and the photo- 
electric sensitivity 35 wa per lumen. The total 
emission was 4.2 X 10-6 amp. The emission from 
an element of area, the size of the scanning aperture, 
for 240-line scanning would be 4.2 X 107°/n? = 
0.695 X 107!°amp. In Appendix II it is shown that 
an aperture of this size crosses a boundary in 0.725 
usec. Thus the quantity of electricity would be 
ON 20) LOS eX 20,695. XK 10- =.0.504. x 10-1 
coulomb or only 317. electrons. 

In television transmission from motion picture 
film a much more intense illumination is possible 
than that assumed in the foregoing example. This 
makes limited sensitivity a less serious difficulty in 
motion picture transmission. By use of the electron 
multiplier, small electron currents such as those of 
the above example are readily amplified so that 
scenes from life with very moderate light intensity 
may be transmitted. 

The alkali metal film photo-electric surfaces are 
electron emissive and their light response is very 
nearly linear. For this reason they qualify for tele- 
vision use. Sunlight and the light from incandescent 
lamps is rich in red radiation and for this reason a red 
sensitive photo-electric material is to be preferred. 
A film formed of caesium on oxidized silver is by far 
the most sensitive of all materials to red light and 
at the same time it meets the other requirements 
named above. It is therefore used in the image 
dissector. Caesium-oxide-silver films have a sensi- 
tivity to light from the mazda lamp, ranging from 
20 to 40 wa per lumen. This sensitivity is 10 times 
as great as that of a plain metallic caesium surface 
and about 10,000 times as great as that of a metallic 
potassium surface. 


LIGHT TRANSLATION IN THE REPRODUCER 


In reproduction of light from the television signal 
the character of light source is much influenced by 
the method of scanning. The sources of artificial 
light are relatively few, namely: incandescence, 
ionization of gas, and fluorescence (or phosphores- 
cence). Incandescence of the familiar types and 
gas ionization are too sluggish to operate well with 
the high scanning speeds now in use and they are 
not well adapted to electronic scanning. Fluores- 
cence has the advantage of responding to an excita- 
tion of very short duration as well as making the 
direct application of cathode ray scanning relatively 
simple. There are a large number of fluorescent 
materials, but the one favored at present for use in 
tubes for television purposes is synthetic zinc sili- 
cate closely resembling in composition the mineral, 
Willemite. Two outstanding qualities effect its 
choice: It is highly resistant to chemical decompost- 
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tion under electron bombardment, and the pale green 
light which it produces is near the color range to 
which the human eye responds most strongly. The 
intensity of illumination is approximately propor- 
tional to the current in the cathode ray, which makes 
possible an illumination response nearly linear with 
respect to signal voltage in a properly designed tube. 
A strong cathode ray will produce a fluorescent light 
intensity of several candle power, which is adequate 
for a small field. 

Excellent pictures can now be reproduced for 
viewing directly on the cathode ray tube; these may 
be as large as 5 by 7 in. A tube for this service is 
shown in Fig. 4. They are bright enough to be 
viewed in a moderately illuminated room, and are 
almost equal in detail to good home motion pictures. 
Much attention is now being given to development 
of tubes which will produce pictures of sufficient 
brilliance to permit projection, while retaining the 
outstanding good television characteristics of the 
present tubes. 


AMPLIFICATION 


The unusual wave forms typical of television, and 
the exceeding smallness of the current output from 
a picture element, combine to make severe demands 


LINE SCANNING 
CURRENT | 


PICTURE « 
SIGNAL 


LINE 
SYNCHRONIZING 
IMPULSE 


PICTURE \ 
FREQUENCY 

SCANNING 

CURRENT_. 


Fig. 7. Sawtocth 
scanning waves, 
television signal, 
and synchronizing 
impulses showing 
relative positions 
on time axis 


PICTURE 
SIGNAL 


PICTURE 
FRAMING 
IMPULSE 


LINE FREQUENCY IMPULSES’ LJ 


upou an amplifier if it is to give true reproduction. 
The resistance-capacitance coupled amplifier is em- 
ployed at the transmitter (Ff and G Fig. 1) and the 
receiver. Being designed for a wide band of fre- 
quencies and good transient response, it meets the 
requirements in all respects except amplification of 
the minute initial signals produced by low levels of 
light intensity. The capabilities of the amplifier 
are shown by analysis of a typical signal, Fig. 2, 
which it transmits. This wave was obtained by 
plotting photo-cell currents due to light passing 
through an aperture moved across the picture as 
indicated. 

The outstanding characteristics of the wave in 
Fig. 2 which determine the requirements of the am- 
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plifier are: Amplitude range, transient nature of 
parts of the wave, range of frequency components, 
and dissymmetry. 

The amplitude, corresponding to ranges of light 
intensity, expressed by the ratio of maximum to 
minimum photo-electric current, is found to be 
30:1. The wave is made up of parts approaching 


h Fig. 8. Scanning across a sharp 
boundary 


Fig. 9 (left, below). Schematic 
of resistance-capacitance coupled 
amplifier stage 


Fig. 10 (right, below). Equivalent 
circuit of an amplifier stage 


straight lines, not periodically repeated and there- 
fore of transient nature, of which A-B is typical. 
A-B approaches the ideal wave produced by scanning 
across a sharp boundary as shown in Fig. 8. Using 
the symbols from this figure, the current may be 
expressed : 


4 = khx = khot (2) 


where k is a constant and v is the constant velocity 
of the scanning aperture. This equation, from Fig. 
8, explains the straight line character of the parts 
of the wave of Fig. 2. The highest frequencies in 
the picture signal are found from eq 2 as shown by 
Appendix II and are equal to !/.Nn? where WN is 
the number of picture.repetitions per second and 
is the number of scanning lines per picture. This 
frequency is 691 kc when N = 24 and m = 240. 
By contrast, the lowest frequencies of the signal 
are generally equal to the picture frequency JN. 
Dissymmetry of the picture signal wave exhibited 
by Fig. 2 is common. The high peaks correspond- 
ing to the brilliant areas of the picture are termed 
the positive signal. The synchronizing impulses 
which are introduced at the end of each scanning 
line and at the end of each picture are also unsym- 
metrical and are given a negative polarity and large 
amplitude. (See Fig. 7.) These qualities permit 
their selection from the picture signal for control 
purposes by a part of the receiver amplifier Z in 
Fig. 1. Due to the unsymmetrical character of the 
signal and impulses together with a 180-deg phase- 
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shift per stage in the amplifier, a positive signal 
and image can be created only from alternate stages. 
An even number of stages is employed with the 
analyzer and reproducer here described. 


CrrRCUIT CHARACTERISTICS OF THE AMPLIFIER 


The circuit characteristics of a resistance-capaci- 
tance coupled amplifier which are employed to pro- 
vide the foregoing qualities are shown by a brief 
analysis of a typical stage. A complete interpreta- 
tion of the transient behavior in terms of circuit con- 
stants involves somewhat difficult mathematics, 
but a good approximation may be had from an analy- 
sis of steady state behavior at the upper and lower 
limits of the frequency range. 

To amplify the lowest frequencies in a typical 
stage such as that of Fig. 9 the resistance of R; 
is made large compared to the reactance of C’. 
For f = 24 cycles per second and C’ = 0.1 uf, 
X, = 66,000 ohms. By employing 500,000 ohms 
for Ro, a small number of stages gives good results. 
Failure to provide a large enough value for the time 
constant C’R, produces the distorted form shown as 
D in Fig. 11 from a very low frequency square- 
topped wave like B of Fig. 11. 

At the high frequency end of the band the re- 
actance of C’ becomes neglible and the combination 
RiC’R, acts as a single resistor R. But the reactance 
of inter-electrode capacitance in the tubes and the 
stray capacitance of the circuit elements to ground 
becomes comparable to KR, thus introducing phase 
shift and attenuation of high frequencies. Since 
the highest frequencies are components of transient 
waves, their attenuation causes blurred and indistinct 
outlines or boundaries of objects in a scene, as indi- 
cated by the rounded corners of C in Fig. 11. 


Fig. 11. Traces from oscillo- 

grams showing distortion of ma, [ssa el - [st 
typical square television wave 
by a deficient amplifier 


The manner in which these distortions are avoided 
may be shown by a brief analysis of the equivalent 
circuit of a single tube and its coupling unit in Fig. 
10. This is a circuit of a generator with a high 
resistance, but is complicated by the fact that the 
frequency is variable between wide limits. The 
internal plate resistance of the tube is represented by 
vr. Z is the load or coupling unit in which is included 
the sum of the inter-electrode and stray capacitances, 
C. Its simplest form is R and C in parallel, but it is 
sometimes desirable to add inductance LZ in the R 
branch so as to maintain the value of Z and limit the 
phase angle to a higher frequency range. is the 
voltage developed in the plate circuit of the tube and 
is equal to the product of the grid voltage and the 
amplification factor of the tube. , is the voltage 
applied to the grid of the next tube. 


ELECTRICAL ENGINEERING 


From Kirchhoff’s laws, F2/E, = Z/(r + Z), an 
expression whose values may readily be calculated 
by aid of the chart shown in Fig. 12. Here the hori- 
zontal lines represent resistances and the oblique 
lines represent reactances, those sloping to the right 
_ being capacitive and those sloping to the left being 
inductive. For example, line 2 is R = 10,000 
ohms; line 8 gives the reactance of a 40-yyf con- 
denser at various frequencies, and line 7 the reactance 
of a 4-mh inductance. By calculating a few values 
of Z for various reactances, the balance of the curve 
may be sketched in, and thence the values E/E; 
may be calculated at salient points. 

Curve 3 gives Z for a typical amplifier stage with 
a total shunt capacitance of 40 uuf and indicates 
the effect of the falling reactance of the capacitive 
component. Curve 5 gives the phase angle, which 
reaches 45 deg at 400 kc and would cause much 
trouble in a picture having frequency components 
of this value. Curve 4 shows Z with 4 mh induc- 
tance in the R branch of the same amplifier and illus- 
trates the improvement in the upper frequency range, 
the impedance holding up to 600 or 700 kc; below 
400 ke the phase angle is less than in the case without 
inductance. 

Circuit characteristics of this nature, employed 
with present types of radio receiver tubes, permit 
voltage gains of from 6 to 18 db per stage. The 
frequency response may be judged from the charac- 
teristics in Fig. 12. The total gain required is, of 
course, dependent upon the power of the radio 
carrier to be modulated. 

The smallest value of initial signal which can be 
amplified by even the best amplifier is limited by 
spurious noise (see “A Study of Noise in Vacuum 
Tubes and Attached Circuits,” by F. B. Llewellyn, 
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I.R.E. Proc., v. 18, no. 2, 1930, p. 243-65), associated 
with the input and first stage. The initial signal 
may easily be below this limit with the best present- 
day photo-electric surfaces when the light intensity 
is much below the value given as an example in the 
foregoing discussion of light translation. To over- 
come this limitation, an electron multiplier 1s em- 
ployed in the Farnsworth system for pre-amplifica- 
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tion, and a resistance-capacitance coupled amplifier 
used only for final stages in the transmitter. 

The electron multiplier E, Fig. 1, and V, Fig. 5, 
is an ingenious device for increasing electron cur- 
rents by secondary emission. It is able to produce 
large amplification without distortion and makes 
possible the “‘pick-up”’ of television images from life 
with fine scanning and moderate illumination. A 
description of this instrument is beyond the scope of 
this paper. 


PROPAGATION 


Transinission of the television signal may be ac- 
complished by wire or radio. Wire transmission 
is expensive because of the very wide frequency 
channels required for transmission of scenes which 
will sustain human interest. For this reason broad- 
casting by radio is generally accepted as the most 
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Fig. 13. Motion of electron in magnetic field 
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useful application of television. Television seems 
destined to make use of the ultra-high radio fre- 
quencies in the region between 30 and 300 mega- 
cycles (10 to 1-m wave length). (See “Seventh 
Annual Report of the Federal Radio Commission,” 
for the fiscal year 1933.) The propagation of these 
frequencies is limited to relatively short range by 
rapid attenuation of waves beyond the horizon, 
but in spite of this they offer an effective means of 
local broadcasting well adapted to the wide fre- 
quency channels of television. 

The engineering features of radio transmitting 
and receiving equipment for television present little 
that is novel, wherefore it is unnecessary to dwell 
on this phase of the television system. 


Appendix | 


Magnetic focusing of an electron stream in vacuum is based 
upon the fact that an electron in motion constitutes a current which 
is surrounded by a magnetic field (h in Fig. 13) in the same manner 
as a current in a conductor. (See ‘‘A Text Book of Physics,” a 
book, by A. Wilmer Duff. P. Blakistons’ Sons and Co.) Likewise 
it is subject to the same type of forces due to an external field. 
The velocity V of an electron in a magnetic field of intensity, H 
may be resolved into components Vz, parallel to the field and Vr 
at right angles. (See Fig. 13.) V7 may be considered independently 
of Vz (see “Principles of Electricity,” a book, by L. Page and N. I. 
Adams. D. Van Nostrand Co.). F, represents the force on the 
electron due to interaction between # and H. It is always. per- 
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pendicular to both V7 and H and its magnitude is F, = HeV7, 
where e is the charge on the electron. Vz has no effect upon Fy. 

F, acts as a centripetal force and the path of the electron is a 
circle. By Newton’s law, a centripetal force, F, = mV?/r where 
m = electron mass, V = V7 of the preceding equation, and r = 
radius of circular path. Combining these equations, H(e/m) = 
Vr/r. Vr/r is the angular velocity wand e/misconstant. There- 
fore, if H is constant, w is constant; whence it follows that if Vr 
increases 7 decreases and vice versa. 

A group of electrons with different values of V7, issuing from the 
same point, will go around circles of different radii, 7, all completing 
the cycles in the same time ¢ = 1/w = (2mr)/Vr. If all have the 
same value of Vz, which condition can be closely approached in 
practice, they will travel the same distance /, in the direction of Vz, 
in the time ¢, thus: 


ihe tVy = (2rrVz)/Vr — (2am Vz,)/He 


Thus at a distance / from their source, all electrons of such a group 
occupy the same positions with respect to one another as they did 
at their source. If the virtual source is an aperture, as is the case 
of the anode of a cathode ray tube, at distance / from this aperture 
the electron paths converge to a bundle slightly smaller than the 
aperture from which they issued. Similarly if the source be a plane 
area such as the photo surface of the image dissector, in a plane 
section at a distance / the electrons come into the same relation to 


one another as they had at the source, and an electrical image is 
formed. 

When a transverse deflecting field is superimposed upon a focusing 
field, Vz of the foregoing equations becomes the transverse velocity 
with respect to the new field. Then the axes of the electron rays 
are bent on arcs of circles by this new field until the electrons pass 
beyond the influence of this field. This accomplishes the deflection 
of the electron paths. 


Appendiall 


In Fig. 8, when the scanning aperture completes the crossing of 
the boundary, x = h. If the corresponding value of ¢ is called ?’, 
eq 2 of text becomes ¢’ = h/v. For a picture period of P sec and 
nm scanning lines, v = n2h/P whence t’ = P/n?. When P = !/ 
sec and n = 240 lines, t’ = 0.725 usec. An amplification system 
is ordinarily assumed to be satisfactory if it will transmit frequencies 
of which the period is twice that of t’, that is, 1/2 cycle occurs in 
time ¢t’. On this basis it is usually stated for a square picture that 
the highest frequency in the television signal is f = 1/.n?/P. Where 
1/P = N = picture repetitions per second, f = 1/2Nn®. A more 
rigorous equation may be provided by introducing the ratio, 7, 
of width to height of picture, and the factor C, where the edge 
shadow is Ch instead of h units wide. Then f = 1/,CrNn?. 


Simplified Measurements _,, 


of Sound Absorption 


A modification of the tube or reflected 
wave method for measuring the sound ab- 
sorption coefficients of acoustic and build- 
ing materials over a wide frequency range is 
described in this paper. Modern com- 
munication equipment is used, and a high 
degree of reliability is obtained. The 
method is especially well adapted to rapid 
routine tests of acoustic materials in com- 
mercial production, and in other instances 
where measurements by the more elaborate 
and expensive __ reverberation-chamber 
method are not justified. 


7 ee AMOUNT of sound absorbing 
material in a studio or auditorium is a very important 
factor in determining the acoustical characteristics, 
and hence the suitability of such rooms for speech 
and music. The sound-absorption coefficients of 
the materials used in the construction and acoustical 


Full text of a paper recommended for publication by the A.I.E.E. committee on 
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treatment of such rooms, therefore, must be known. 
The reverberation-chamber method and the tube or 
reflected-wave method have both been used to 
measure absorption coefficients. Of these, the first is 
usually considered the more reliable, and is the 
method generally accepted as standard. (For de- 
scriptions of both of these methods see “‘Architectural 
Acoustics,” a book, by Vern O. Knudsen, published 
by John Wiley and Sons, New York, N. Y.) 

An examination of the literature describing the 
tube methods discloses the fact that in certain of the 
tests, especially those made some years ago, the 
equipment used was unsatisfactory compared with 
our present high-quality microphones, loudspeakers, 
and thermionic-tube amplifiers. This is, no doubt, 
one of the important reasons the tube method was 
not found entirely satisfactory and has not been 
widely accepted. . 

This paper describes the results of an investigation 
in which modern equipment was used to determine 
the sound-absorbing properties of materials by a 
tube method. The results are very satisfactory, 
indicating that with inexpensive and easily obtain- 
able apparatus it is possible to build equipment for 
quickly and reliably determining the sound-absorp- 
tion coefficients of unknown specimens by com- 
paring them. with known materials previously 
standardized by the reverberation-chamber method. 


ELECTRICAL ENGINEERING 
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Simplified diagram of apparatus used 


Fig. 1. 


THEORETICAL CONSIDERATIONS 


When a sound wave strikes a smooth surface such 
as varnished wood, 3 phenomena occur. First, a 
very small part of the sound energy is transmitted 
through the wood. Second, a small amount is 
absorbed in air-friction losses in the surface irregulari- 
ties and interstices. Third, about 97 per cent of the 
sound energy is reflected back into the room, causing 
a prolonging of the sound and, under certain condi- 
tions, excessive reverberation. 

If one end of a tube is closed with some material 
such as varnished wood, and if a pure tone is intro- 
duced at the other end, reflection from the closed end 
of the tube will be almost perfect. Under the proper 
conditions of frequency and length of tube, standing 
waves with pronounced nodes and antinodes will 
result along the tube. These are caused by the com- 
binations of the initial and reflected waves at various 
points along the tube. 

If now the end is closed with a sound-absorbing 
material such as hair felt, only about 40 per cent (de- 
pending largely upon the type and the frequency) of 
the sound is reflected, and the remainder is absorbed 
in the interstices of the hair felt. With such a mate- 
rial closing the end of the tube, the reflected wave will 
be relatively weak and the standing waves along the 
tube will not be so pronounced. The sound-absorp- 
tion coefficient of any specimen therefore can be 
determined by comparing the standing waves this 
unknown material causes with those produced by a 
previously standardized material having kiown 
coefficients. 

In this investigation, simplicity, commercial prac- 


Fig. 2. Front 
view of equip- 
ment with — test 
specimen re- 

moved 
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ticability, and engineering reliability were considered 
of primary importance. Thus, although it is possible 
to calculate the sound-absorption coefficients from 
measurements made by the tube method (see pre- 
viously mentioned book by Vern O. Knudsen), i 
was decided best to obtain these coefficients by com- 
parison with materials previously tested by the rever- 
beration-chamber method. 


APPARATUS USED 


A schematic diagram of the equipment used in this 
investigation is shown in Fig. 1, and a front view with 
the test specimen removed is shown in Fig. 2. The 
inner and outer tubes are made of fir lumber about 
3/, in. thick. The 2 tubes are separated by hair felt 
one inch thick. This construction keeps room 
noises from affecting the microphone and also largely 
prevents sound radiation into the room. The inner 
tube is provided with a wooden flange and bolts upon 
which the test specimen is clamped. 

The loud-speaker box is made oi fir plywood and is 
lined with hair felt one inch thick. Two hair felt 
baffles are also placed lengthwise in the box. This 
absorbing material prevents the box and the tube 
from exerting an appreciable influence upon the 
back of the loud-speaker cone. 

Preliminary experiments indicated that a loud 
speaker having a uniform frequency response was 
necessary, and a moving-coil or dynamic loud speaker 
of the type widely used in radio receiving sets was 
adopted. Provisions were made, as shown in Fig. 1, 
for holding the input current and the field excitation 
at constant values. 

A piezo-electric crystal microphone was used to 
measure the sound-wave pressure in the tube. This 
device is rugged, not subject to mechanical shock, 
has good frequency response and constant output, 
and is inexpensive. The microphone was connected 
to a 3-stage resistance-coupled amplifier using type 30 
tubes. The amplifier output was measured with a 
copper-oxide voltmeter. 

As Fig. 2 shows, the microphone was fastened 
directly to the loud-speaker baffle, and the entire 
assemblage was moved along the tube by the screw- 
drive arrangement shown in this figure. A coiled 
flexible steel tape was arranged to indicate the dis- 


Fig. 3. 


Rear view of tube and of electrical equip- 
ment 
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tance between the loud-speaker baffle and the speci- 
men under test. This tape, the handwheel for 
turning the screw, and the measuring equipment are 
shown in Fig. 3. 


TEST PROCEDURE 


After the apparatus was assembled, extensive tests 
were made to find the optimum loud-speaker current 
at the various test frequencies. Also, many posi- 
tions along the tube for the loud speaker and micro- 
phone were studied to determine the best location at 
each test frequency. 

The results of moving the apparatus along the 
tube and taking measurements at various points are 
illustrated in Fig. 4. This curve can be explained in 
the following simple manner. Suppose that the 
loud speaker and microphone are located a distance 
of 1/, wave length from the specimen under test, 
and that at a given instant the loud-speaker cone is 
moving forward sending out a maximum pressure 
wave. By the time this impulse moves forward to 
the specimen, is reflected, and arrives back at the 
baffle, the cone is moving in the opposite direction, 
and wave cancellation and a minimum voltage 
output results. Now assume that the apparatus is 
located 1/, wave length from the specimen under test. 
The path is now one wave length long, anda reflected 
wave atrives back at the baffle in phase with the mo- 
tion of the cone, and a pressure peak results produc- 
ing a maximum voltage indication. 

The equipment was calibrated to measure the 
sound-absorption coefficients by placing materials 
having known coefficients on the end of the tube and 
observing the voltage output under the best operating 
conditions as previously determined. As mentioned, 
materials which had been tested by the reverberation- 
chamber method were used. From data thus ob- 
tained, calibration curves such as Fig. 5 were made 
for each test frequency. With these curves avail- 
able, it is merely necessary to place an unknown 
specimen on the end of the tube, adjust the apparatus 
for operating conditions, measure the output voltage, 
and obtain the sound-absorption coefficient at the 
test frequency from the proper calibration curve. 


DISCUSSION OF RESULTS 


As is evident, this method is simple in operation, 
and requires only inexpensive apparatus. The 
assembled equipment must, however, be carefully 
studied to ascertain optimum test conditions. Once 
the calibrations are made, they are not affected by 
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ordinary variations in room conditions, and results 
can be reproduced readily. Furthermore, measure- 
ments can be made in the presence of considerable 
room noise, and this is a very important advantage. 

In making all tests, the specimen was backed by a 
piece of fir plywood °/, in. thick. This backing was 
found to exert some influence on the sound absorption 
especially at low frequency, and is possibly one of the 
reasons the points do not fall more closely on the 
calibration curve of Fig. 5. Another reason these 
calibration points do not fall on the curve is that 
wide discrepancies apparently exist in the results vari- 
ous observers obtain with the reverberation-chamber 
method. Furthermore, individual samples deviate 
widely from published coefficients and from the mean 
value of a large number of measurements (see ‘“‘Less 
Noise—Better Hearing,” v. 6, No. 1, 1934, of Celotex 
Acoustical Department, 919 North Michigan Avenue, 
Chicago, IIl.). 

It may be assumed that the tube method here 
described is not as good as reverberation-chamber 
tests because in the latter, actual conditions of in- 
stallation are more nearly reproduced. There is, 
undoubtedly, some truth in this, especially where the 
material is mounted on large panels which them- 
selves absorb sound. The standardized materials 
used to calibrate the tube were tested, however, by 
different authorities under different conditions of 
mounting, and the agreement as Fig. 5 indicates is 
fairly good. 

One of the important advantages of this tube 
method is that with a single group of equipment, 
tests can be made over a wide frequency range. 
In this investigation the coefficients at frequencies 
of 512, 1,024, 2,048, and 4,096 cycles were obtained 
readily. For frequencies below 512 cycles, the 
tube vibrated so badly that tests were impossible. 
This could be remedied by constructing a tube of 
thicker lumber. 


CONCLUSIONS 


It is apparent that the tube method of measuring 
the sound-absorption coefficients of various acoustic 
and building materials is satisfactory when modern 
apparatus is used. With properly calibrated equip- 
ment, the method is entirely satisfactory for original 
measurements over a wide frequency range. It is 
especially well adapted, however, for making routine 
tests such as required in the commercial production 
of absorbing materials, and for approximate deter- 
minations, where the more elaborate and expensive 
reverberation-chamber tests are not justified. 
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Theory and Tests 
of the Counterpoise 


Different theories have been advanced as to 
the behavior of the counterpoise in the 
protection of power transmission lines 
against lightning. In an attempt to learn 
more about the counterpoise and to check 
the theories of its behavior, a series of basic 
field tests was conducted. The results of 
these tests, made on both the parallel in- 
sulated counterpoise and the buried coun- 
terpoise, are reported in this paper. The 
data obtained are analyzed, and con- 
clusions are drawn. 


By 
L. V. BEWLEY 


ASSOCIATE A,I.E.E. 


General Electric Co. 
Pittsielu, Mass. 


A counterpoise, consisting of con- 
ductors connected to transmission line towers so as to 
reduce the tower footing impedance, has recently 
been subjected to considerable study as a means of 
securing protection against lightning. The purpose 
of the field tests described herein was to study the 
action of a counterpoise in detail; particularly in the 
light of an analytic theory (see ‘““The Counterpoise,”’ 
by L. V. Bewley, G.E. Rev., 1934, v. 37, p. 73-81) and 
with the object of testing the validity of that theory. 
Theoretical considerations had pointed to 2 iajor 
effects present in the behavior of a counterpoise: 


1. The transient impedance, beginning with the initial or surge 
impedance effect and ending with the final or leakage resistance 
effect, the time of transition depending upon the ground resistivity 
and, due to the formation of corona, on the surge voltage. 


2. The coupling effect with overhead conductors, depending pri- 
marily upon the location of the current images and the direction of 
the counterpoise. 


8. The multi-velocity wave components, particularly the low 
velocity component predominating on the counterpoise and govern- 
ing the time of arrival of reflections. 


Various investigators have proposed different 
theories to account for counterpoise behavior, but 
there has been lack of agreement both with respect 
to the mechanism of the phenomena and with respect 
to the magnitude of the several factors involved. 
And this has led, quite naturally, to very pronounced 
differences in the calculated effects. Previous field 
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‘resistance, is shown in Fig. 1. 


tests on counterpoises have not been sufficientl 
complete in one respect or another to permit a ra- 
tional verification of any theory; although these 
previous tests have provided several salient datum 
points for checking purposes. It was therefore 
deemed desirable to make a set of basic field tests on 
counterpoises which would place the analytic theory 
on trial and determine its exactness and rigor. The 
most favorable location for such tests would be in a 
region of very high soil resistivity and where the 
water level is at great depth; for under such condi- 
tions the counterpoise action is very definite. The 
only objection is the difficulty of securing a low 
resistance ground for the cathode ray oscillograph. 
Obviously, if the ground resistivity is nil, no effect 
can be expected of a counterpoise buried in earth 
which is already an excellent conductor. Unfortu- 
nately the circumstances under which the present 
tests were made were far from ideal for the purpose of 
studying counterpoise action, because the water 
level was not far down and the soil resistivity not 
high. Therefore the recorded effects were not as 
pronounced or consistent as could be desired, but 
nevertheless serve to verify the validity of the theory. 

A lightning stroke of surge impedance Z and volt- 
age wave & striking a transmission line tower having 
a ground wire, line wire, counterpoise, and footing 
In order to simulate 
this condition, the test set-up was arranged as shown 
in Fig. 2. The portable impulse generator, repre- 
senting the cloud, was 3,077 ft away from the coun- 
terpoise pole. It was rated 0.0125 uf and 1,000 kv 
on open circuit. The surge was initiated from the 
cathode-ray oscillograph over a spare line conductor. 

The 3,077 ft of line between the impulse generator 
and the counterpoise pole, representing the surge 
impedance of the lightning stroke, was No. 6 copper 
wire supported on 30-ft wood poles with 6-unit 
insulators. 

The portable cathode-ray oscillograph was situ- 
ated at the counterpoise pole, Fig. 3, and in telephone 
communication with the impulse generator. Inci- 
dentally, both these pieces of equipment were 
veterans of several years previous field tests carried 
on by the lightning arrester engineering department 
of the General Electric Co. An independent driven 
ground of 60 ohms was obtained for the oscillograph 
about 20 ft from the pole. 

At the counterpoise pole there were 2 overhead No. 
6 copper wires at 8.5-ft horizontal spacing and sup- 
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ported with pedestal insulators on 30-ft wood poles. 
One of these conductors could be used to represent a 
ground wire and the other the line wire. This was 
preferable to a permanent ground wire, because it 
allowed the ground wire effect to be segregated. 
The counterpoise was a 0.25-in. steel wire with a 
total length of 927 ft. It was initially supported on 
short treated wood insulating stakes so as to avoid 
the leakage effect, but was finally buried in the earth 
toa depth of 12in. It was first tested perpendicular 
and then parallel to the overhead conductors. 
When laid perpendicular to the line it was verified 
that there was no coupling with the line conductors. 


TESTS ON PARALLEL INSULATED COUNTERPOISE 


A 925-ft counterpoise was laid parallel and directly 
underneath the 2 line conductors, and grounded at 
its far end through pipes driven into the ground. 
It was hoped by this procedure to obtain very defi- 
nite values for the velocity of propagation and surge 
impedance and hence definitely locate the voltage 
and current images. However, the tests under this 
condition were somewhat disappointing in these 
respects; because the earth resistivity was so low 
that normal test errors in the determination of the 
velocity and surge impedance were sufficient to 
cause a wide variation in the values obtained. 

The tests made on the parallel insulated counter- 
poise are shown in Fig. 4. Three conditions were 
investigated: 


I. Counterpoise present but disconnected, and the surge applied to 
one of the overhead wires. This condition is similar to that of 
lightning striking a ground wire at midspan. For the purpose of 
these tests this connection allowed the effect of the ground wire to be 
segregated. 


II. Surge applied to the counterpoise alone, with the 2 overhead 
wires isolated. This test segregates the effect of the counterpoise 
alone. 


III. Surge applied jointly to an overhead wire and the counterpoise. 
This condition yields the combined effect of a ground wire and 
counterpoise, and corresponds to the practical case of lightning 
striking a tower having both ground wire and counterpoise. 


Table I—Tests on Parallel Insulated Counterpoise 


Condition I—Fig. 4 Il—Fig. 4 IlI—Fig. 4 
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Fig. 2. Test arrangement 
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The average results of these tests are summarized 
in Table I, the figures in parentheses being calculated 
values, and the F’s coupling factors. 

The surge impedance of the counterpoise was 
measured in 3. different ways: 


1. By the ratio of voltages at the junction between line and counter- 
poise. 

2. By reflection from the end of the counterpoise grounded through 
various values of resistance. 


3. By the ratio of the voltage to the current taken at the entrance 
to the counterpoise. 


In general the 3 methods gave results of the same 
order, but the first method is too sensitive to small 
variations in the applied surges; while the second 
method does not take into consideration that the 
impulse resistance of a driven ground is somewhat 
lower (about 20 per cent) than its d-c resistance. 
Furthermore, only the last method provides a way of 
showing the variation of the surge impedance as. 
function of time. . From the oscillograms of condi- 
tion II of Fig. 4 it is seen that after 0.5 usec the 
counterpoise voltage is increasing, while its current 
is decreasing, so that the surge impedance is in- 
creasing with the passage of time. There was an 
8.8-ohm resistance connected in series for making 
current measurements and therefore the surge im- 
pedance was 


Ba eer 


We ohms at ¢ = 0.5 usec 
13 


445 ohms at tf = 2.0 usec 


The velocity determination, as ascertained by the 
time required for reflections to return from the end of 
the counterpoise, gave values from 81 per cent to 92 
per cent of the velocity of light. This, of course, was. 
the average velocity, and should be associated with 
the average surge impedance. The velocity on the 
overhead lines was between 96 per cent and 99 per 
cent of the velocity of light. 


Fig. 3. 


Cathode ray oscillograph at location 
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Theoretically, the inductance and capacitance can 


be computed from the surge impedance and the Soe Peas SEeay 

velocity, and therefrom the location of the voltage ep at ROTEL 

and current images. Be x 23 <a 
ED 2h\ _ Z _ surge impedance 

a 10° log ( r ) Tk velocity 

a = 18 X 101! log (7) = ZY 

; ; ; I sa In 

in which 

2h = distance to current image 

2H = distance to voltage image 

ry = radius of conductor 

Z = surge impedance 


velocity of propagation 


Small variations in the measured values of either 
Z or v will cause radical changes in the calculated 
value of h. Thus if Z/v = 18 X 107°, then an error 
of only +5 per cent in the determination of this ratio 
will make a 300 per cent variation in the location of 
the current image. On the other hand, inductance 
coefficients are not sensitive to variations in ) and 
therefore its precise determination is not mandatory. 
Using an average value of 420 for the surge imped- 
ance and 85 per cent for the mean velocity gives 


PAL. 420 ee 
~ 0.85 X 3 xX 10% ~ To» ~ 109 °F \ 0.195 
1. Qh = 38 ft 
* = 420 X 0.85 X 3 X 10!° = 107 X 10"! = 18 X 10" log (Cd) 


“ 2H = 4 ft 


Incidentally, these figures agree with other data, 
as well as theory, showing that the zero potential 
plane for voltage images is very close to the surface ' ‘ ——fienand 
of the earth. The capacitance of the counterpoise _ ; SOA 
as measured by a bridge was 3.13 X 107° for 925 ft 
as compared with 2.64 X 107° by the above calcula- 
tion. 

Using h3 = 19 and H; = 2 ft, and designating the 
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ground wire, line wire, and counterpoise by sub- Fig. 4. Oscillograms taken on insulated counter- 
scrips 1, 2, and 3, respectively, there are: poise 
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Referring to Appendix A, the auxiliary constants The current surges are 


rehee i, = ( 0.1403 fr + 0.0892 fe + MeL AOE: 
= l= 1: =] Yu = 0.1407/60 tz = (—0.1403 fi + 0.0892 f2 + 0.0706 fs)/60 (B 
ie In = 0.088 oe = 1 Yu = 0.0802/60 a  oL0oi2 + 0:4180°7)/60 
Ty =I = 0.118 a3 = 1 Vis = 0.0706/60 
a i ee ae Yn = —0.1407/60 The magnitudes and signs of fi, f2, and f; depend upon 
Ty = 1.391 on = 1 Yoo = 0.0892/60 the terminal conditions. Corresponding to the 3 
v, = 1.000 Q23 = 1 Y23 = 0.0706/60 diti RS OO Meet a 8 
Pei van = 0 Vie conditions ; 
v3. = 0.836 a3, = —0.3438 Ys. = —0.0612/60 
033 = 2.965 Y33 — 0.418/60 CONDITION ii 


In terms of the multi-velocity wave components ; 
file — ut), folx — vet), and f(x — vst) the voltage 7) 


E = voltage applied to ground wire 
QO = current in line wire 


oid 


surges on the 3 conductors are i; = 0 = current in counterpoise 
a= fit fa + fs | a Hence by eqs A and B 
es ws ae & fi = 0.881 Eo; fe = 0.540 Ey; fs = 0.079 Ey 


&3 
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and therefore, writing Fo(v1) for a component of 
magnitude Ey traveling at a velocity vu, there is by 
eq A: 

0.381 Eo(v1) + 0.540 Eo(v2) + 0.079 Eo(vs) = (1.000 Ex) 


—0.381 Eo(v1) + 0.540 Eo(ve) + 0.079 Eo(vs) = (0.238 Eo) 
— 0.185 Eo(v2) + 0.234 Eo(v3) = (0.049 Eo) 


in) 
nw 
I it il 


Due to symmetry of the overhead conductors with 
respect to the counterpoise, there is no v; component 
in the counterpoise surge, and the terms of this 
velocity balance between e,; and é. The coupling 
factors are 


et 2). O3Siandih gee x 0.049 
ey ej 


The currents are, by eq B: 


4, = [0.0536 Eo(v:) + 0.0482 Eo(v2) + 0.0056 Eo(vs)]/60 = 
(0.1074E/60) 

[—0.0536 Eo(v:) + 0.0482 Eo(v2) + 0.0056 Eo(v3) 1/60 = 0 
[ — 0.0330 Eo(v2) + 0.0330 Eo(vs) ]/60 = 0 


12 
13 


Il 


The surge impedance of the ground wire, therefore, is 
Zu = &/%, = 558 ohms 


CONDITION II 


= current in ground wire 
72 = 0 = current in line wire 
é; = Eo = voltage applied to counterpoise 


Hence by eqs A and B 
fi = 0; fe = —0.244 Eo; fs = 0.308 Eo 


| TN 


(SE est 
HEAL 


Z= COUNTERPOISE IMPEDANCE 


Fig. 8 (below, right). 


Fig. 6 (below, left). 


and therefore, 


~0.244 Eo(vs) + 0.308 Eo(vs) = (0.064 Eo) 
—0.244 Eo(v») + 0.308 Eo(v3) = (0.064 Eo) 
+0.084 Eo(v2) + 0.916 Eo(vs) = (1.000 Eo) 


[—0.0218 Eo(v2) + 0.0218 Eo(vs)]/60 = 0 
[ 0.0149 Eo(v2) + 0.1289 Eo(vs)]/60 = 0.1438 Eo/60 

Thus the initial coupling factor is about 6.4 per cent, 
and the surge impedance of the counterpoise is 


@ _ 60 
iz 0.1488 


> 
WeoU l 


> 
ow il 


i dl 


= 417 ohms 


By the approximate method of Appendix B, there 
is for comparison with the values (in parentheses) 
given by the complete multi-velocity theory: 


y= 2 = Vpu/Lu = V9.11/9.55 = 0.978 (0.981) 
v3 = VW b3/Ls = W5.95/8.20 = 0.852 (0.836) 


Z, = Z2 = V bul = 560 (558) 
Zs = V Pssl33 = 419 (417) 


Soy) = Di ee OA eee 
@; Ls (1 +%3/m) 8.20 (1 + 0.852/0.978) 


= 0.055 (0.064) 


The agreement is seen to be quite good, and thus 
justifies the use of the more simple approximate 
method. 


ConpITIon III 


Referring to eqs 1 to 10 of Appendix A there results 
ii FF 0.358 Eo, fe = 0.273 Eo, fs = 0.369 Eo 
and the voltage and current equations are 


0.358 E,(v1) + 0.273 Eo(v2) + 0.369 Eo(vs) = (1.000 Eo) 
—0.358 Eo(v1) + 0.273 Eo(v2) + 0.369 Eo(vs) = (0.284 Eo) 
— 0.093 Eo(v2) + 1.093 Eo(vs) = (1.000 Eo) 


= 
Hol Ml 


Fig. 5 (left). Transient impedance of 925-ft buried counterpoise, from oscillo- 


grams of voltage and current 


Transient impedance of 200-ft buried counterpoise, from 
voltage and current oscillograms 


Fig. 7 (below, middle). Test points and curve of uniform leakage resistance 


Method of determining velocity of propagation on the 
counterpoise 
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ELECTRICAL ENGINEERING 


4 = [ 0.0503 Eo() + 0.0244 E 0.0261 E a 
(0.1008 E,/60) o(v2) + o(vs) ]/60 


é: = [— 0.0503 Eo(n) + 0.0244 E 0.0261 E e 
; (0.0000 Ea ov) + o(vs) ]/60 
is = [— 0.0167 Ep(v2) + 0.1543 Eo(vs)]/60 = (0.1376 Eo/60) 


In this case the coupling is 4 per cent higher than 
with the counterpoise disconnected; and due to the 
mutual coupling between the ground wire and coun- 
terpoise the currents are less than under conditions I 
and II. It will be observed that when the counter- 
poise is connected, the surge which it carries is essen- 
tially a low velocity wave. 


TESTS WITH BURIED COUNTERPOISE 


The counterpoise was buried to a depth of about 
12 in., parallel and directly underneath the line 
conductors. Tests were made on lengths of 200, 500, 
and 925 ft with surges of 15 kv and 90 kv. The 
latter was the highest voltage at which current 
measurements could be made without making special 
arrangements to insulate the portable cathode ray 
oscillograph truck. For slightly higher voltages the 
truck tires would arcover. 

In Figs. 5 and 6 are replots of voltage and current 
oscillograms taken on the 925- and 200-ft counter- 
poises, respectively, with the overhead conductors 
isolated. The ratio of voltage to current here. is 
plotted as the transient impedance. Initially the 
counterpoise behaves as a surge impedance and 
finally as a distributed leakage resistance to ground. 
The equation for the transient impedance is given in 
Appendix C. The points on the plotted impedance 
curve lie on a smooth curve beyond 0.5 usec, but the 
accuracy is very poor between 0 and 0.5 ysec. How- 
ever, the extrapolation of the impedance curves on 
these and other plots indicates that the initial, or 
surge wmpedance, value lies between 120 and 160 
ohms. From this value the transient impedance 
falls in a somewhat exponential fashion until the 
final, or leakage resistance, value is reached. In the 
case of the 925-ft counterpoise this final value has not 
yet been reached at the end of 6 usec (at which time 
reflections from the generator interfered). But on 
the 200-ft counterpoise the transient impedance has 
very definitely reached its steady state value at the 
end of 1.5 usec. At the instant of maximum voltage 
the transient impedance is 88 and 112 ohms, respec- 
tively, in Fig.5 and Fig.6. Very likely this impedance 
is considerably less at the much higher voltages 
corresponding to natural lightning. Incidentally, 
in each of 5 plots which have been made, the imped- 
ance curve closely parallels the tail of the voltage 
wave. The leakage resistance, Fig. 7, measured 
77.5, 31.5, and 14 ohms on the 200, 500, and 925 ft 
lengths of counterpoise, respectively. 

The propagation of a surge in a counterpoise buried 
in low resistive earth appears to be as much diffusion 
as traveling wave phenomenon. For this reason 
attempts to discover a velocity of propagation from 
reflections on the oscillograms proved futile. The 
abrupt change at 1.5 ysec on the tail of the voltage 
wave for the 200-ft counterpoise, Fig. 6, as con- 
trasted with that of the 925-ft counterpoise, Fig. 5, 
was at first taken for the return of a reflection. 
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In order to determine more carefully the velocity, 
E. J. Wade deviseda most ingenious method, the essen- 
tial elements of which are shown in Fig. 8, the waves 
being replots of actual oscillograms. The surge 
was applied to both the line wire and the coun- 
terpoise. The cathode ray oscillograph was placed 
200 ft farther along where the counterpoise was 
opened as shown in Fig. 8, and a series resistance of 
8.8 ohms inserted. By closing a the fast wave on 
the line was recorded. By closing b (with a open) 
the flattened front slow wave on the counterpoise 
was recorded. Finally by closing both a and b the 2 
waves superimposed after a time At which could be 
determined by placing the oscillogram of the fast 
wave over that of the combined wave so that their 
fronts coincide, and observing the point at which 
they diverge. It will be appreciated that the success 
of this method depends upon the 3 resistance ele- 
ments being of widely different values, and the one 
to the line wire should be high. In Fig. 8 the slow 
wave atrived 0.3 usec after the fast wave, and the 
velocity therefore is (since the fast wave travels at 
the velocity of light) : 


ee l a l - 200 
mh 0 eS 7 MST, ~ OS) Sb TOSS 


But when this test was repeated at 500 it the ve- 
locity was apparently only 330 ft/usec. The reason 
for the decrease in velocity as the distance traveled 
increases is given later under ‘‘Discussion.”” The 
method of testing determines only the average 
velocity. Now the longer the length of counterpoise 
under test the less the influence of the initial higher 
velocity and the more nearly will the average ve- 
locity be equal to the final velocity. On the basis of 
this argument the velocity will be assumed as 30 per 
cent that of light. Taking the surge impedance as 
Z3 = 142 and the velocity at v3 = 30 per cent, the 
inductance and capacitance coefficients, as well as the 
position of the equivalent current images, are as 
follows: 


= 400 ft/ysec 


v3 = 


2 Dh NG le 142 _ 15.8 
Tay ae (=) =, 0S SGsEuI0m a0 
2700 
Hise rerreg py es ft 
Ce 1 be eS 
~ 18 X 10! loge (2QH/r) = Z30 


1 


piquant ee SE 8 
~ 742 X 0.3 X 3X 10% peo ar 


102 
“ 2H = 0.25 in. 


In earth of such low resistivity, burying the 
counterpoise may raise the effective position of the 
ground current considerably, because current is then 
flowing above and on both sides of the counterpoise 
as well as below it. In such cases the depths of 
current as determined for the insulated and buried 
counterpoise are not comparable. But in high 
resistivity soil, where counterpoises are most likely 
to be used, there will probably be little difference 
found in the location of the current image for either 
an insulated or buried counterpoise. 

Current distribution along the counterpoise was 
obtained with the cathode ray oscillograph at the 0, 
200, and 500-ft points. Representative oscillograms 
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Table Il—Tests on Buried Counterpoise 


Fig. 11 Fig. 12 
Condition II Ill II Til 

é1 LU BOO wear hesaite 4,480.2 eee ca de 7 5,990)3: . 90,150 
€2 fl OOO ence ero eine, < este mine vise Fae cami i'n: ath ote ta 23,820 
€3 . 16,400 SASSO Re eer tens 04 O00Rn anccenes 90,150 
fh. ORDER oe OE: UNL IG Sicha c HRM e Ne ear nce nienne oy ose 187 
13 RA (Sse ae eel OMe ae tes ere Ogee 1,107 
F3.2 OF 098 *. neers tees LASS 0.063 

Fi3-2 Boe ener teun OME SO shot rias ce urer ene hie 2 nea Ome 


are replotted in Fig.9. The initial current wave is 
quite steep, having a front of less than 0.5 usec. 
There is considerable flattening of the front and drop 
in magnitude as the current wave travels along the 


counterpoise. The average values obtained from 
these tests at 2.5 usec were: 

Distance 0 ft 200 ft 500 ft 

Current 134 amp 107.6 amp 14.4 amp 


Since the counterpoise current is so rapidly drained 
off, the coupling effect with the overhead conductors 
practically vanishes within a short distance—say 
beyond 300 ft. Attempts also were made to measure 
the currents by surge crest ammeters, but the re- 
versals due to reflections were too large to permit 
accurate results. 

The superposition of voltage waves taken on 
counterpoises of 200, 500, and 925-ft length is shown 
in Fig. 10. There is obviously nothing to gain 
under these conditions by using a counterpoise 
longer than 200 ft for applied wave fronts less than 


low voltage surge of 15 kv and Fig. 12 is for a 90-kv 
surge. The data (averaged) is summarized in 
Table IL 

By eq 27 of Appendix B the mutual impedance 
between the counterpoise and the overhead con- 
ductor, based upon the current image at 28-ft depth, 
is 


V2Us l29 8 (Aa a0rs it 
Berens (5 s =) = (RS )s x 10 = 9.0 

From Fig. 11 the current is 178 amp. Therefore, 
the induced voltage is 


é = Z3.01s = 9.0 X 178 = 1.6 kv (1.6 test) 


Likewise from Fig. 12 the induced voltage is 
é: = 9.0 X 1100 = 9.9 kv © test) 


This latter is a very poor check. Presumably the 
only difference in the 2 tests was the higher voltage 
in the case of Fig. 12. But if this made any differ- 
ence at all one would expect it to zncrease rather than 
decrease the coupling. The author has no explana- 
tion to offer. 


DISCUSSION 


In seeking evidence from these tests in support of 
the multi-velocity theory, perhaps the most con- 
clusive is that shown in Fig. 4. According to the 
conventional theory of traveling waves there is no 
current on an isolated conductor—it merely floats in 
the electrostatic field of adjacent conductors and 
takes on the corresponding potential, and therefore, 


3} 4 
MICROSECONDS 


1.5 usec. In soil of higher resistivity a longer length the shape of an induced surge is an exact replica of 
es | Fig. 9 (left). Current waves in 925-ft 

is } == counterpoise at 0, 200, and 500-ft 

120 WANs a points 8 

2 COUNTERPOISE 

i f a 20g LENGTH 
100 Fig. 10 (right). Superposition of volt- 4 Fr. 

90 PE 200 Breas | Eat age waves for counterpoises of different & 
: | / lengths c 

| g 

60 

| /| : 

40} / { 

{ 


3 
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is justifiable, but it is doubtful if lengths greater than 
300 ft are worth the extra cost. On the other hand, 
very short counterpoises of the order of 50 ft may 
give rise to substantial reflections which would raise 
the tower voltage. 

In Figs. 11 and 12 are shown the effects of the 
buried counterpoise on coupling for the 2 conditions: 
(II) Surge on the counterpoise alone with the over- 
head conductors isolated; and (III) surge on both 
the counterpoise and ground wire. Figure 11 is fora 
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the inducing surge. But according to the multi- 
velocity theory there are current-carrying wave 
components on an isolated conductor, and in general 
these components travel at different speeds. Now it 
was shown that under condition I on the insulated 
counterpoise the voltage surge is 


63 = —0.185 Eo(v2) - 0.234 Eo(vs) = (0.049 Eo) 


When this surge reaches the end of the counter- 
poise, which was grounded through driven pipe 
grounds, it reflects negatively and returns to the 
starting end of the counterpoise. The fast wave by 
that time has separated from its slower companion 
and so appears on Fig. (41) as a positive bump. 


ELECTRICAL ENGINEERING 


But the slower wave is the larger of the 2, and there- 
fore, dominates upon its arrival, reducing e; almost to 
zero. 

Again in Fig. (4II) the positive bump is evident on 
é, and é, whose initial components were found to be: 


—0.244 Eo(v) + 0.308 Eo(vs) = (0.064 Eo) 
—0.244 Eo(m) + 0.308 Eolvs) = (0.064 Ep) 


Under condition II it is evident that the induced 
waves é; and é register a positive bump at the same 
time when the main surge e; experiences a voltage 
drop and 73, a current increase. This is rather con- 
clusive evidence that the isolated conductors are not 
merely ‘floating in the electrostatic field of the main 
surge,’ but are conforming to the main surge current. 
This is all in complete agreement with multi-ve- 
locity theory, which predicted that the induced volt- 
age from a counterpoise is due to the counterpoise 
current. Indeed, according to Appendix B 


31 
&2 


gee eet 
és Lg (1 + 22/01) 


Thus the coupling factor is constrained by the limits 
1 (Ls 2 123 

ere) 42) = (x2) 

or has no more than a 2:1 range as far as capacitance 


coefficients (which are included in the velocities) are 
concerned. 


AucustT 1934 


TRAVELING WAVE 
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Fig. 13 (above). Phenomenon at the 

wave front 


Top. Equivalent network at successive in- 


stants 
Middle. 


Current and zero potential plane 


in the earth 
Bottom. Variation of surge impedance and 
velocity 
Fig. 11 (left). Oscillograms taken on 


buried counterpoise, for a low voltage 
surge of 15 ky 


Fig. 12 (center). Oscillograms taken 
on buried counterpoise, for a 90-kv 
surge 


Under condition III the bump in é, is less than 
under condition II. This is because there are 2 
inducing currents involved, 7 and 73, and due to 
reflection 7, decreased when 73 increased, but not so 
much, so that the net effect on é is still a positive 
bump. 

The muiti-velocity components, therefore, are 
seen to be present and behaving in conformity with 
theory. The numerical checks are probably as good 
as can be hoped for in this kind of calculation; es- 
pecially in a situation where the order of magnitude of 
some of the quantities involved is not very much 
greater than the order of magnitude of the test 
errors. 

In many problems dealing with traveling waves it 
is permissible to ignore the phenomenon at and 
immediately following the wave front, but in study- 
ing the action of a counterpoise some cognizance 
should be taken of this behavior, since the major 
effect is confined to the first few microseconds. 
When the surge impedance for the insulated counter- 
poise was plotted as function of time by taking the 
instantaneous ratios of voltage to current from 
oscillograms with fast sweep it was observed that the 
impedance dropped sharply from a high to a mini- 
mum value within the first half microsecond, then 
increased slowly as shown in the bottom sketch of 
Fig. 18. It has already been remarked in this paper 
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that the average observed velocity decreases with the 
length of the counterpoise. In order to explain 
these changes in surge impedance and velocity the 
situation of Fig. 13 is envisaged. When the abrupt 
wave front first arrives at a given point the current 
distribution in the ground is governed by the ca- 
pacitance of the earth, Fig. 13a, and thus the zero 
potential plane with respect to voltage images is at 
some depth below the surface. Consequently, since 


Z=VL/C and V = 1/V EC and the effective .C 
is small on account of the depth of the zero potential 
plane, the surge impedance is high and the velocity 
is high. These starting values are designated as 
points a in Fig. 13. There then ensues a very fast 
transient at the end of which the resistance network 
dominates over the capacitance network, and the 
zero potential plane rapidly rises to the surface of the 
earth, while the current continues its relatively slow 
downward trend. Thus the end of this readjust- 
ment finds the effective C much increased, but with 
no material change in the effective L. Therefore, 
the surge impedance reduces to a minimum and the 
velocity to a lower value during this transition stage, 
designated by points b in Fig. 13. Thereafter the 
effective capacitance does not change, since the zero 
potential plane is already at the surface, but the 
current continues its downward displacement, there- 
by increasing the effective L, and thus causing the 
surge impedance to increase slowly and the velocity 
to decrease slowly. These effects, which are clear 
and definite for an insulated counterpoise, are masked 
by the leakage effect in the case of the buried counter- 
poise. 


CONCLUSIONS 


The conditions under which these tests were made 
were not conducive to the most accurate type of 
determination of the factors involved. The effects 
were not pronounced enough, and the test errors too 
erratic, to permit of any ‘“‘rock-bound”’ conclusions; 
but the following facts seem to have been established. 


1. The impedance of a buried counterpoise is a variable starting 
at a value equal to its surge impedance and ending at a value equal 
to its leakage resistance. The transition iaay require from 1 to 
10 usec, depending upon the length of the counterpoise and the 
earth resistivity. Propagation of surges on counterpoises is thus 
as much diffusion as traveling wave phenomena. 


2. The coupling effect of a counterpoise depends primarily upon 
the position of the current images, and is not greatly dependent upon 
the capacitance relationships. The higher the earth resistivity and 
the greater the depth to the water level, the lower the current images 
and the higher the coupling. 


3. The earth’s surface may be considered the zero potential plane 
for voltage images of traveling waves. 


4. Multi-velocity waves exist on a counterpoise, but the only 
one of importance is very slow, traveling at about !/; the velocity of 
light. The arrival of reflections may be estimated on that basis. 


5. A new and accurate method for determining velocities on coun- 
terpoises has been devised (E. J. Wade). This method indicated 
that the initial velocity of the wave when it first enters the counter- 
poise is higher than its ultimate velocity. This is reasonable 
theoretically. 

6. Due to the leakage the current in a counterpoise drops off rapidly 
and the front of the advancing wave is greatly flattened. For this 
reason the coupling effect vanishes at points a few hundred feet from 
the tower. 

7. Counterpoises more than 200 to 300 ft long do not appear 
justifiable. If greater effect is desired it should be secured by a 
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multiplicity of counterpoises of this length arranged radially. Very 
short counterpoises give rise to reflections and are therefore not so 
efficient as one long enough to be practically free of this source of 
additional voltage. 

8. The multi-velocity theory appears to be adequate for numerical 
calculations as well as for a description of the mechanism of counter- 
poise action. But for routine design calculations a much simpler 
approximate method of analysis is sufficient. 


Appendix A 


The multi-velocity wave components on a 3-conductor system 
comprising a ground wire, line wire, and counterpoise are (see 
“The Counterpoise,” by L. V. Bewley, G. E. Rev., 1934, v. 37, p. 
73-81): 


€: = anfi (x — vt) + aiefe (x — vet) + disfs (x — vst) 

eg = Goify (x = vt) + Arf (x — Vet) + Aosfs (x = v3t) \ (1) 
3 = Asif; (x — nyt) + asofe (x — vot) + asafs (x — vst) 

a, = Vufi (« — vit) + Viofe (x — vet) + Visfs (x — vst) 

to = Yoifi (x = vt) + Yoo 2 (x — Vet) + Vosfs (x = vst) \ (2) 
ts = Vaifi (x — mit) + Voofo (x — vot) + Vosfs (x — vst) 


in which the velocities v, v2, v3 are given by the roots of 


(Ii — v7?) op — v~*) (33 — 07?) + TielosIs1 + TisIs2La1 — 
(Ii — v7?) Do3I32 — (x2 — v~*) TisIs1 — 33 — v~?) Dieta = 0 (3) 


and the a coefficients are (for 7 = 1, 2, or 3) 
Gu = G2 = a3 = 1 (arbitrarily) 


# — Iatis—Tos(Tu— 9) os T 3,23 — Ii (a3 — 0, ~?) 
**  Tieles —Th3(Io2— 0, ~) (Le2—v,~?) 33 — 0”) —Lsel 32 


Ag (4) 
—STieln + — 0,7) T2207?) _ In I32— Ii (T22— 0, ~?) 

Ly2lo3 —Li3 L22— 0 *) (I22— 0, ~?) (I33 — 0, *) —LsoL0s 
where, in general, 
lie = (L1,K1s ar LorKos ar LK 3s) (5) 
Vier wa (Kadir SIP K 3242, + K 530 ar) Uy (6) 


The L’s and K’s being the inductance and capacitance coefficients. 

If there are 2 ground wires in a horizontal plane, or 2 parallel 
counterpoises, then the inductances and electrostatic coefficients 
are to be calculated as for an equivalent single conductor. Thus 
for 2 ground wires 1 and 1’ 


Dy Non 
In = 10° loge ae = self inductance of the pair 


2 aa’ 
Li = To? losea| 


where 


2h, 
ie 


= mutual inductance of the pair to the line 
conductor 


height of ground wire from its image 
radius of ground wire conductor 


m = separation between ground wires 

6b = separation between ground wire 1 and line wire 
a@ = separation between image of 1 and line wire 

b’ = separation between ground wire 1’ and line wire 
a’ = separation between image of 1’ and line wire 


Similarly for a pair of counterpoises the electrostatic coefficients are 
likewise 


2H. 
Pu = 18 X 10" loge va 
pis = 18 X 10" loge NG 


where 2 H; is distance to the electrostatic image and R is the radius 
of the effective corona envelope. 

If a lightning stroke of surge impedance Z and incident wave E 
strikes a tower having ground wire and counterpoise, and tower 
footing resistance R, then 


i= = [(@sxz — 1) Vos — (@se — 1) Yoo] = bi Eo (7) 
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f= = [(@s3 — 1) Yo — (Gs: — 1) Yo3] = boEy (8) 


it at (Grea), Ver (Gm 1) Val = bsEo (9) 
A = [as2 (Yo; — You) + aa (Yor — Vos) + a3 (Yu — Yo) ] (10) 
Ey = 

(2E) (11) 


ie 1 
Z| ty F2 Fit Yad +2(Vnt Yadbn+2( Yor} Ya | 


The equations of this appendix permit the calculation of the behavior 
of a counterpoise. Reflections up and down the tower have been 
ignored in accordance with the justifications given in original paper 
on this analysis. (‘The Counterpoise,” G. E. Rev., 1934, v. 37, p. 
73-81). 


PERPENDICULAR COUNTERPOISE 


If the counterpoise is perpendicular, the voltage equations are 


= Yo2Eo(x ae! vt) = Yo Eo(x —= Vol) 


CAN a2) 
_ aay VooEo(x — mnt) — de2VoiEo(x — vot) 
% (ison) 3) 
Q5E 
Ey = (14) 
ely ak Yui Yor — Vio Vor 
CNet 2 Yat 2( Yoo — Yn ) 
pli a (ur + Io) = Vn — Ino)? + 4 Tieln (15) 
v2 2 
ay = (4-2 — In)/Te \ 
Qo. = (ve? — In)/he (16) 
Yu = (Ku ap an K12)01 
Yn = (Ku oF G2K 19) V2 (17) 
Yo = (Ki2 + do1Ko2)v; 
Yo. = (Kis SP 22K 92) V2 
Ty = Inku + LK 
Ty = IynKy + LeKo» (18) 
In = Ln2Ki2 AP Ly2Ky 
Ing = LK + LK 


Appendix B 


The general analysis given in Appendix A is not only complicated 
and laborious (a complete set of computations requiring at least 2 
days’ work), but small errors made in the auxiliary constants may 
throw the final results quite far off the correct values. In this 
appendix a much shorter approximate method is developed which 
should suffice for ordinary calculations. 

Referring to eqs 12 and 13 of Appendix A, the initiai coupling 
factor between 2 conductors No. 1 and No. 2, the main surge being 
applied to No. 1 and the induced surge measured on No. 2, is 


G21 Y22 — A22Vn 
Yoo — Yor 


Now if one of these conductors lies on the ground surface, the 
mutual capacitance coefficients are zero (Ki, = Kn = 0). On this 
basis, substituting eqs 15, 16, 17, and 18 into 19 and simplifying 
(it is quite a long job) there finally results 


Fy = (19) 


Li. (20) 


In + V (LulLe2 — Lie?) ae 
Por 


or neglecting Zy? in comparison with Ly Ly. and substituting 


Fi» = 


=> bu 2° UW = pa (21) 
f Ve ; Ln» 
the initial coupling factor may be written 

CA eee “(ns 1 (22) 
oes 1+ (%:/m) 


1, 
In ae 2h eaten Pu 4 
120) 
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Now disregarding the multi-velocity wave components of Ap- 
pendix A, a linear set of equations may be tentatively written 
between the voltages and currents on the system: 


€& = Zyh + Zyte + Zisig = ground wire 
€2 = Zot + Zoote + Zo3i3 = line wire (23) 
és = Zati + Zt2 + Z3313 = counterpoise 


When multi-velocity components do not exist these are the exact 
canonical equations for traveling waves, but if multi-velocities dc 
exist they are only approximate, however give close results for the 
first few microseconds. It remains to identify the coefficients. 
Obviously 


Ly = V/ Tabu = surge impedance of ground wire 
Z2 = V Lupe. = surge impedance of line wire 
Z33 = V Lsp33 = surge impedance of counterpoise 


(24) 


Suppose that only current 7; is flowing. Then 


and since both conductors are overhead, Fi. must be computed by 
eq 19. Therefore 


1 Yon — Goo ==] 
Zan A — eS 
21 u/i2 Zu aca (25) 
Likewise, interchanging subscripts 
Os es a2Vu — al 
Zi. = ZoFn = Zr [ Vieaave (26) 


For the coefficients involving the counterpoise, the simplification of 
the type of eq 22 can be used, thus: 
U1 U3 
Ss ard) 
"3 v1 + U3 
Lo3 1 


Ly3 1 
23 = Z33F32 = Z33 = ———— = Lr (-) 
V2 + U3 


Z33 = Z33F31 = Z33 L33 1 + (v3/1) 
Lis 1 + (vs/v2) 


(27) 


13 1 ( U1U3 ) 
VI ONG Ae oS Hippy | ( ee 
31 11/13 ll ioe 1 (v;/05) 13 on Us 


Log 1 ( U2V3 ) 
ie ee 
SBS al + (v2/v3) Zs Ve + U3 


It is seen that Z3; = Zig and Z3, = Zo. 


Having established all the coefficients of eqs 23, these equations 
may be used directly. Assuming as in Appendix A that a lightning 
stroke of surge impedance Z and incident wave E strikes a tower 
having ground wire, line wire and counterpoise, and tower footing 
resistance R, then remembering that 7. = 0 on the line wire: 


Zu + Zisis \ oe 
28 


Zaiti + Zost3 
pm = Za + Lasts 

But the total current from the stroke in terms of the incident wave 

E and the reflected wave E’ is 


Z32 = Z09 Fo = 


— E’ oe ee) : ‘ 
E-E' _2E _ E+&' _2E ky = 2h +i) +7 


Solving for 2; and 2; from eq 28 and substituting in eq 29 there results 


(29) 


pee. 233 — Zi3 ee | 
NOIR, ( wa Bo) ie 

ee: Zu— Zs \ _ 
is = Be (pore) = be free) 
EK = (Gara 

aS 1 + 2Z (bh, + b3) + Z/R 


Hence substituting in eq 28 


—/ 


5 etree mesa ee) 8 Tat a 
~ 14 2Z ( + 63) + Z/R 
2E (Zab: + Zosb2) 
1 + 2Z (bh: + 63) + Z/R 


é: = 3 = Eo 
(31) 
(Zarby ar Zab2) Eo = 


€2 


seal 


Appendix C 


In order to approximate the effects of the transition of the im- 
pedance of a counterpoise from its initial condition of surge im- 
pedance to its final condition of leakage resistance, the following 
method of analysis appears to have some merit. Assume the 
leakage resistance R; = 1/gl to be concentrated at the end of a 
counterpoise of surge impedance, Zs, and length T (to be defined 
later), Then successive reflections will eventually supplant Z3 
with R;, and the problem reduces to that of computing these re- 
flections. The time T is to be chosen so that the transition occurs 
in the required length of time, either as estimated from tests or as 
calculated from the following formula: 


Z3(t) = 


(32) 


gl }1 - 


where 

- L/2= De ge (@s—1)7 
SmetaN Cian oc? — 2) /LC 
a = 2/2C 


assuming (g/w,C) to be a small quantity, this reduces to 


Z;(t) cai a Se i AE sy) 


gd ji-eaty [ene = ENE sin wet i 
LjL@s — 12" NT Qs — Iya 


The first term under the summation sign is a triangular wave, and 
the second term a rectangular wave. Therefore it is easily seen that 


Wat jo © 


gl 
ae (34) 
L att = 0 
G 


Z3(t) 


Z3(t) 


Thus if g, L, C of the counterpoise are known, Z;(t) may be computed 
and the time of transition from ~/ L/C to 1/gl readily found. The 
transition is brought about by the presence of the term e~%, There- 


fore considering the transition as essentially complete when e~% = 
0.05, it follows that 


t=—= GC = time of transition 
a [x 


Now consider any set of wave components (fi, fo, f3) on the ground 
wire, line wire, and counterpoise, in accordance with eqs 1 and 2 
of Appendix A. When these waves reach the end of the counterpoise 
they will give rise to reflections (f1’, fo’, fz’) and transmitted waves 

1", fo”, fs”) and the transition point equations become 


” (35) 


Viet wood 
‘Ss 


From these the new components (f1’, fo’, fs’, fi”, fo”, fe”) may be 
determined. Now regarding the reflected waves (f1’, fo’, fz’) as new 
incident waves (dropping the primes) approaching the tower, an 
exactly similar set of equations to those above obtain, except 
that R; is now to be replaced by the resistance of the tower footing 
and the lightning stroke surge impedance in parallel, that is the 
last equation becomes 


is + is! = ig” =e" (R + Z)/RZ (36) 


Thus it is possible to calculate the effect of the transient impedance 
of the counterpoise as.a problem in successive reflections. But the 
work involved is so excessive that the approximation given in the 
text appears to be sufficiently accurate under the circumstances. 
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Toward the Making 


of a Profession 
(Continued from page 1148) 


ondary, perhaps a minor, function.. It has wisely 
chosen to be the inspirer rather than the policeman 
of the profession. The intangibles of the spirit, 
the creating of an atmosphere, a tone, a fellowship, 
have far outweighed the letter of the law. In its 
contributions to public welfare, the Institute has 
wisely contented itself to work through the most 
inclusive agencies of the profession, the American 
Engineering Council, the national and interna- 
tional standardizing agencies, and most recently 
the E.C.P.D. 


RELATION OF THE INSTITUTE TO THE 
MODERN STATE 


In conclusion, only a hint can be given of the 
significant contribution of the Institute to the 
growing and evolving idea of a profession as a 
functional element in the complex of social organisms 
we call the modern state. The traditional fabric 
of society with its political and geographical strands 
is breaking apart under the stress of a complex life. 
In its place we see emerging the modern conception 
of the corporative state, a society in which the 
constituent units are not parties or political sub- 
divisions, but functional groups, such as trade 
associations, labor unions, consumers’ codperatives, 
professional guilds, agricultural groups, and the 
like. The idea which underlies much of our de- 
mocracy and in which Jefferson and his disciples 
so firmly believed, that the citizenry acting col- 
lectively would transcend their wisdom and _ in- 
telligence as individuals, is sadly discredited. Too 
often the reverse is all too evident in political life. 
In professional bodies such as our own the idea 
of collective superiority has been vindicated; asa 
group we tend to act on a higher plane of idealism and 
of devotion to the common good than as individuals. 

The future of society appears to depend more 
and more upon the vitality of such functional 
groups. Our greatest concern may well be to extend 
professional ethics and ideals to the wider areas of 
industrial and public life. The Institute has seen 
no necessary antithesis between economic profit 
and social gain. In emphasizing the long-range or 
professional view, as against the short-range or 
business view, it has sought to reconcile social 
profit with the profit of the balance sheet, to rec- 
oncile service and gain, to reconcile scientific 
progress with humanitarianism and to reconcile the 
highest stimulation of individual achievement with 
the widest distribution of social benefits. Before 
its members it has upheld the ideal of progress 
through sharing, rather than beating the game. In 
the larger concerns of society, as well as in the 
activities and relations of its thousands of individual 
members, the Institute has kept the faith, not alone 
in the letter that killeth, but even more in the spirit 
that maketh alive. 


ELECTRICAL ENGINEERING 


Characteristics and Uses 


of the Carbon Arc 


The high efficiency of the carbon arc, the 
flexible and uniform quality of radiation 
it provides, and its extremely high intrinsic 
brilliancy give it a prominent place in the 
broad field of illumination. For applica- 
tions in which a powerful light must be ob- 
tained from a source of small dimensions, 
it is unsurpassed. Characteristics of the 
various types of carbon arcs and their ap- 
plications are outlined in this paper. 


By 
W. Ge KALB National Carbon Co., 
MEMBER A.I.E.E. Cleveland, Ohio 


ee CARBON ARC has _ passed 
through many interesting phases of development in- 
fluenced by many factors of varied character. In 
early types, the street lamps of the ‘‘gay nineties,” 
solid electrodes of coke composition, usually copper 
coated, were burned without protection from the air. 
Subsequent enclosure to prolong the burning period 
called for a reduction of the ash content of the elec- 
trodes and led to the development of the lampblack 
carbon. Steadiness of the light was improved greatly 
by the introduction of a center core of softer neutral 
composition which stabilizes the arc stream and pre- 
vents it from shifting about the rim of the crater. 
Further improvement was effected for certain types 
of lamps by the introduction of a metal coated nega- 
tive carbon considerably smaller in diameter than the 
positive carbon. 


NEUTRAL CORE CARBON ARC 


Light from the solid or neutral core carbon arc 
operated on direct current comes almost entirely 
from the crater of the positive carbon. Little light 
is emitted from either the arc stream or the tip of 
the negative carbon. The light has a bluish tint 
with a strong band of ultra-violet radiation just 
outside the visible range. The energy distribution 
through the visible and ultra-violet range is shown in 
Fig. 1. In Fig. 2 is reproduced a photograph of the 
direct current arc with neutral cored positive elec- 
trode operated in the position shown in Fig. 4. This 
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illustration clearly shows the positive crater as the 
principal source of light, and its brilliancy indicates 
the reason for the early popularity of this light source 
in motion picture projection. 

The relatively high output of blue, violet, and 
ultra-violet radiation gave the carbon arc early popu- 
larity as an artificial source of illumination for 
photography, the emulsions then in use having little 
or no sensitivity to yellow, orange, and red. The 
carbon are also attained extensive use in blue print- 
ing and photo-engraving, and the high-current direct- 


current arc was used by Finsen in his pioneer work 


in artificial light therapy. 

The alternating current arc with neutral cored 
carbons is not as efficient as the direct current arc 
for, while the craters of the carbon electrodes are still 
the principal sources of light, their brilliancy, as 
may be seen from Fig. 3, is far less than that of the 
positive crater of the direct current arc. 

In earlier applications of the carbon are to motion 
picture projection, an inclined vertical “‘trim’’ was 
used as indicated in Fig. 4. The condenser lens in 
these lamps picks up a solid cone of light of approxi- 
mately 45 deg. The crater is formed partially on the 
side of the carbon so as to present as large an effective 
area as possible to the condenser lens. Considerable 
attention on the part of the projectionist is required 
to maintain the proper crater formation and position 
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Fig. 4. Diagram of old type low-intensity direct- 
current projector lamp 
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in this type of lamp. In large theaters, positive 
carbons as large as 11/s in. in diameter have been used 
with 17/s-in. copper coating negative carbons and 
arc currents as high as 140 to 150 amp. The low 
intensity carbon arc still is used in searchlights for 
spectacular illumination, such as those at Niagara 
Falls and ““A Century of Progress’’ exposition. 


DIRECT-CURRENT LoOw-INTENSITY REFLECTOR ARC 


Development of the reflector arc lamp added 
greatly to the efficiency of the low-intensity neutral- 
cored carbon arc in motion picture projection, in- 
creasing the light pick-up from a solid angle of 45 
deg to one of approximately 100 deg. In this type 
of lamp, diagrammatically illustrated in Figs. 5 and 6, 
the carbon trim is horizontal with the crater of the 
positive carbon directly facing the mirror, thus ex- 
posing its full area to the optical system and at the 
same time simplifying the problem of the automatic 
control. At arc currents of 28 to 42 amp with posi- 
tive carbons 12 or 13 mm in diameter, the direct- 
current low-intensity reflector arc provides a suffi- 
cient intensity of screen illumination for theaters of 
considerable size. More lamps of this type than of 
any other are used in motion picture theaters today. 
These lamps usually are operated from the stand- 
ard voltage line through a transformer and rectifier 
or a motor generator set. The arc voltage is us- 
ually about 55 volts in this type of lamp. 

The intrinsic brilliancy of the crater in the low- 
intensity neutral-cored carbon arc is limited by the 
vaporization temperature of carbon which is 4,126 
deg K. When this temperature has been reached, 
further increase in arc current will increase the crater 
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area and the rate of carbon consumption, but cannot 
increase the intrinsic brilliancy of the crater any 
more than the boiling point of water in open air can 
be raised by applying more heat. Light from this 
arc approaches pure white in color, but retains a 
definite tinge of yellow. 


THE FLAME ARC 


Introduction of flame supporting minerals in the 
cores of carbon electrodes transfers the principal 
source of light from the tips of the carbons, as in the 
neutral cored carbon arc, to the flame like arc stream, 
and provides a much longer arc than that between 
neutral cored carbons. There is little difference in 
the appearance, behavior, or output of the flame arc 
on direct current or alternating currerit. Figure 7 
shows a photograph of an alternating current flame 
arc. The intrinsic brilliancy of the flame is rela- 
tively low, but, because of its size, it gives off a large 
volume of light and is a very efficient source of radia- 
tion. For like reason certain types of flame arcs 
are highly efficient sources of ultra-violet radiation. 

An important characteristic of the flame arc is its 
flexibility, that is, the possibility of modifying the 
quality of the light by the choice of flame supporting 
materials in the core. In Fig. 8 is shown the energy 
distribution for the white flame carbon arc, the core 
of which contains minerals of the rare earth group, 
particularly cerium. By comparison of this curve 
with Fig. 1 it may be noted that the emission of 
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radiant energy in the visible range is increased greatly 
by this modification of the core composition and that 
the intensity of radiation is approximately the same 
in all primary color bands. The resultant light is 
bluish white, closely resembling daylight. This 
resemblance is also apparent in the spectrum of this 
arc which, like that of the sun, is practically a con- 
tinuous band. 

Carbons having polymetallic cores containing 
several metals including iron, nickel, and aluminum 
(know commercially as the “‘C’’ type) give less visi- 
ble light than the white flame carbon, but much 
greater ultra-violet output as may be seen from Fig. 9. 
Strontium, Fig. 10, increases the red and infra-red 
emission from the are with slightly lower ultra- 
violet output than that from the cerium cored carbon. 

The white flame carbon arc finds extensive applica- 
tion in photography, where its light is considered 
photographically equivalent to daylight. It is used 
more largely in photo-engraving than any other light 
source. In light therapy a similar carbon known as 
the “‘Sunshine”’ carbon is used extensively where it 
is desired to duplicate artifically the physiological 
effects of natural sunlight. The ‘“‘C” type and the 
strontium cored “‘E”’ type carbons likewise find ex- 
tensive therapeutic use where emphasis on the ultra- 
violet or the infra-red bands of radiation is desired. 

There is increasing use of the flame arc in indus- 
trial and photochemical processes such as accelerated 
testing of paints and dyes, the processing of certain 
materials, such as linoleum, patent leather, and 
tobacco, and the rapidly extending irradiation of 
milk for the purpose of increasing the vitamin D 
content. 

The low-intensity alternating-current white-flame 
arc has found limited application in small motion 
picture theaters where direct current is not avail- 
able; but the superiority of the direct-current low- 
intensity reflector arc, operated from a suitable recti- 
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agie 11 and 12. Diagrams of high intensity arc 
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type 


fier or motor generator set, has given it preference 
over the former type for projection purposes. Refer- 
ence will be made later to a recent development that 
promises to modify greatly projection practice in 
theaters of small and intermediate sizes. 

The various types of lamps using flame type car- 
bons embrace a wide range of arc conditions. Arc 
currents from 6 to 100 amp or more are used, and 
are voltages from 25 to 60 volts. The large lamps 
most popular in industrial applications and light 
therapy at the present time are operated at 60 amp 
and 50 volts on alternating current, and at 50 amp 
and 60 volts on direct current. 


DIRECT-CURRENT HIGH-INTENSITY ARC 
WiTH ROTATING POSITIVE CARBON 


Development of the high-intensity direct-current 
arc overcame the limitation of intrinsic brilliancy 
referred to in the discussion of the direct-current 
low-intensity arc. The positive electrodes of the 
direct-current high-intensity arc are operated at 
current densities much higher than those of the low 
intensity arc—450 to 860 amp per square inch (70 
to 133 amp per square centimeter) for the former 
in comparison with 120 to 200 amp per square inch 
(18.5 to 31 amp per square centimeter) for the latter. 
Cored positive carbons 9 to 16 mm in diameter with- 
out metallic coatings are operated with copper coated 
negative carbons of smaller diameter at arc currents 
ranging from 60 to 190 amp, the are voltage ranging 
from 45 to 90 volts. 

In the condenser type high-intensity arc lamp, 
as indicated in Fig. 11, the positive carbon is held in 
a horizontal position with its crater directly facing 
the condenser assembly. Since the current density 
in the carbon is very high and the high efficiency of 
this type of arc is dependent on the maintenance of 
a well-formed cup-like crater, the positive carbon is 
allowed to project but a short distance from the 
holder and is rotated continuously while the arc is 
burning. The negative carbon is set at an angle to 
the positive, usually 40 to 60 deg below the hori- 
zontal. The feeding mechanism is designed to ad- 
vance both carbons as they are consumed and should 
be adjusted to feed the positive carbon forward at 
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Fig. 13. 


High-intensity direct-current arc, front 
and side views 


the same rate it is being burned, thus maintaining 
the crater at a fixed position in relation to the con- 
denser and to the point of intersection with the axis 
of the negative carbon. The rate of feed of the nega- 
tive carbon is also adjustable relative to that of the 
positive, and when properly adjusted maintains 
an are of uniform length. 

The reflecting principle of light concentration has 
been applied also to the high intensity arc. In all 
high intensity reflecting arc lamps the positive carbon 
is held in a horizontal position. The negative car- 
bon also may be held horizontally or inclined to the 
positive, as shown in Fig. 12. 

Light from the high intensity arc emanates from 2 
distinct sources, the crater and the tail flame. The 
tail flame produces about 30 per cent of the total 
light from this type of arc, but is of little value for 
most applications since its size, shape, and position 
prevent its being focused accurately. Therefore, a 
consideration of the characteristics of the high in- 
tensity arc is concerned chiefly with the crater light 
from the positive carbon. The whiteness and 
intrinsic brilliancy of this crater light exceeds that of 
incandescent carbon volatilized at atmospheric pres- 
sure. Evidently its source is something more than 
the solid tip of incandescent carbon since its color and 
brilliancy indicate a temperature of about 5,500 
deg C. This intensified light can be considered as com- 
ing from a portion of the luminous gases of the flame 
material retained in the crater of the positive carbon 
by the force of the negative arc stream. This ex- 
planation may not accord with physical facts but it 
aids the imagination in visualizing the reason for the 
remarkably high intrinsic brilliancy of the high in- 
tensity carbon arc as compared with other artificial 
sources of illumination. 

Maximum intrinsic brilliancy from the high in- 
tensity arc is attained by adjusting the position of 
the negative carbon so that the negative are stream 
compresses within the crater of the positive carbon 

'a substantial portion of the brilliantly luminescent 
vapors emanating from that point. This produces 
a bluish white light of very high candle power and 
much brighter than can possibly be obtained from 
incandescent carbon alone. A photograph of the 
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direct-current high-intensity arc is reproduced in 
Fig. 13. 

The energy distribution curve for a typical high 
intensity carbon arc is shown in Fig. 14. On this is 
superposed the energy distribution curve for normal 
sunlight. Radiation from the arc as here measured 
is the radiation from the positive crater only since 
in most applications of this type of arc the crater 
light is all that can be utilized. These curves show 
the striking similarity between this light source and 
natural sunlight through the entire range of the 
spectrum. The candle power of the crater light 
directly in front of the arc is shown in Fig. 15. As 
would be expected, the candle power increases with 
the current. When the same current is used with 2 
different sized carbons of the same composition the 
smaller, that is, the one with the higher current con- 
centration, gives the greater candle power. 

The term “‘super high intensity arc’”’ has been given 
to the arc produced by special 16-mm high-intensity 
carbons capable of carrying 195 to 200 amp and pro- 
ducing 40 to 60 per cent higher candle power than the 
ordinary 16-mm high-intensity carbon operated at 
150 amp. 

Motion picture projection in the larger theaters is 
the principal field of application for the high intensity 
arc. There are many other applications, however, 
including theater spotlights, motion picture studio 
sun arcs and rotary spots, army and navy search- 
lights, searchlights used for spectacular illumina- 
tion, airport landing lights, and the famous Lind- 
bergh beacon at Chicago. 


DIRECT-CURRENT HIGH-INTENSITY ARC 
WitH NONROTATING POSITIVE CARBON 


The smallest direct-current high-intensity arc 


with rotating positive carbon in general use is the so- 
called “Hi-Lo” projection lamp which uses a 9-mm 
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Table I—Arc Conditions for Direct-Current High-Intensity 
Arc with Nonrotating Positive Carbon 


Carbon 
Diameter, mm 


Current 
Density in Positive Carbon 
Arc Current, 


Postive Negative 


Amperes Arc Voltage AmpperSqIn. AmpperSq Cm 
oR aera Die csie 35-40. ...... 28-35. 0.2 es 800-910....... 124-141 
Tiocticas (Pl aay SE 45-50....... 29-36....... 755-840....... 117-130 
Sania: Y tReet Ante ae 60—65:.2% se. 30-37 .....3. UUS BY) © Sealey 119-129 


Table II—Are Conditions for Alternating-Current 
High-Intensity Arc 


Carbon Arc Current Density 
Diameter, Current, Arc 
mm Amperes Voltage Amp per Sq In. Amp per Sq Cm 
eT ees 40-45........ 18-24........ SA0=15 O26 mira ate ves 141-159 
aie crshetet 60-65 en eis 23—2Gissa, eiavegs 1,005-1,090........ 156-169 
See vst 10-80 wires 24-29 Ea oe oe 960=-1:02557 6... 149-159 


positive carbon operating at 60 to 65 amp and 45 to 
50 volts. A rather large interval exists between 
the screen illumination available from this lamp and 
that practicable with the low intensity reflector arc 
used in the majority of small theaters. There is 
also a marked difference in the color of light from 
these 2 types of arcs. The low intensity arc gives a 
yellowish white light whereas the high intensity arc 
gives a snow white light generally considered more 
desirable for the projection of motion pictures. 
To bridge this gap and provide for the small theater 
screen illumination of high intensity, quality, and 
brilliancy, a metal coated carbon of small diameter 
has been developed to operate at an intermediate 
current. The carbons for this small high intensity 
arc have been so designed that the positive carbon 
does not need to be rotated and the negative can be 
coaxial with the positive. The carbons are protected 
from oxidation and their electrical resistance reduced 
by the metal coating making it practicable to hold 
the carbon at any convenient distance from the arc. 
Arc current and voltage ranges for the staudard size 
trims are indicated in Table I. 

Most efficient operation of this nonrotating direct- 
current high-intensity arc with its short arc length 
and low voltage calls for a motor generator set of 
not more than 50 to 55 volts rating. It should be 
possible for designing engineers to provide a generator 
for this purpose of such characteristics that no ballast 
resistance will be required in series with the arc. 


ALTERNATING-CURRENT HIGH-INTENSITY ARC 


Operation of a direct current arc of any type from 
an alternating current power circuit requires the 
use of a motor generator set or a transformer and 
rectifier. The development of an alternating-current 
high-intensity carbon arc permits operation through 
a suitable transformer directly from the alternating 
current power line thus eliminating all rotating 
intermediate apparatus as well as the heavy power 
loss in ballast resistance. This provides a very 
efficient source of projection light. The alternating- 
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Fig. 16. Al- 
ternating- 
current high- 
intensity arc 


current high-intensity arc, together with the direct- 
current high-intensity arc with nonrotating positive 
carbon, promise to supersede to a very large extent 
the direct-current low-intensity reflector arc which at 
present is used in approximately 60 per cent of the 
motion picture theaters in the United States. The 
alternating-current high-intensity arc is essentially 
a development from the ordinary flame are obtained 
by increasing the current and reducing the voltage 
usually used with the ordinary flame arc, the in- 
trinsic brilliancy of which is too low to be suitable 
for projection. Light emitted by the white flame 
are at currents up to 30 or 35 amp increases directly 
as the voltage, but as the square of the current. The 
rate of increase of light with increased current de- 
creases for currents of more than 30 to 35 amp | 
until at very large currents the rate of light increase 
becomes equal to the rate of current increase. By 
increasing the current but decreasing the arc length 
and voltage, the arc becomes steadier and the sources 
of light are concentrated into smaller volume near 
the electrode tips. 

The alternating-current high-intensity arc does 
not have the same crater formation as the direct- 
current high-intensity arc with rotated positive car- 
bon, but the light has the brilliant snow white 
quality characteristic of all high intensity arcs. 
The appearance of this arc is shown by the photo- 
graph reproduced in Fig. 16. 

Lamps designed for operation with alternating- 
current high-intensity carbons are of the reflector 
type. Both carbons are of the same diameter and 
are burned in a horizontal position without rotation. 
Metal coating provides high electrical conductivity 
and permits support of the carbons at a distance 
from the are. Are currents and voltages for most 
satisfactory operation are given in Table II. 

Although practically all of the light projected onto 
the screen is picked up from the carbon facing the 
reflector and this carbon is of negative polarity dur- 
ing alternate half cycles, there is no noticeable 
flicker in the screen illumination. This is because 
the light is of almost equal intensity during both 
positive and negative half cycles. In this respect 
the alternating-current high-intensity arc differs 
materially from the alternating-current low-intensity 
arc, and resembles the arc from rectified alternating 
current as may be seen from the oscillograms re- 
produced in Figs. 17 and 18. It is apparent from 
Fig. 17 that the screen illumination from the low 
intensity arc during the negative half cycle is less 
than half the peak reached during the positive half 
cycle, while the high intensity arc shows very little 
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Fig. 17. Oscillograms of arc current and instan- 
taneous light on projection screen without projector 
shutter running 
A. low-intensity 60-cycle alternating-current arc 


B. High-intensity 60-cycle alternating-current arc 
C. Low-intensity rectified-current arc 


difference between positive and negative half cycles. 
Figure 18 indicates the flicker that results from 
the harmonic between the shutter speed and the 
circuit frequency with the low-intensity arc and the 
absence of a pronounced harmonic with the high- 
intensity arc. 

A valuable feature of this arc and likewise of the 
direct-current high-intensity arc with nonrotating 
positive carbon is that the brilliant screen illumina- 
tion made available to small theaters permits a level 
of general illumination that provides immediate con- 
fortable vision to those entering the theater. This 
is of decided advantage from the standpoint of 
safety as well as that of attracting patronage, and 
has heretofore been available only to the large 
theaters using powerful direct-current high-intensity 
projection lamps or to those “‘neighborhood”’ theaters 
small enough for the direct-current low-intensity arcs 
to provide a corresponding level of illumination. 

At present, application of the alternating-current 
high-intensity arc is confined to motion picture pro- 
jection, but its possibilities are not limited to this 
use and it undoubtedly will find other fields of 
application. 


IMPROVED MOTION PICTURE STUDIO CARBON ARC 


The effectiveness of a light source in photography 
is dependent upon the distribution of its radiant en- 
ergy throughout the spectrum and upon the spectral 
sensitivity of the photographic emulsion. The 
plain carbon are with only 17 per cent of its radiant 
energy in the visible and photographically effective 
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Fig. 18. Oscillograms of instantaneous light on 
projection screen with 2-blade projector shutter 
running at 1,440 rpm (film speed 90 ft per minute) 
A. Low-intensity 60-cycle alternating-current arc 


B. High-intensity 60-cycle alternating-current arc 
C. Low-intensity rectified-current arc 
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Fig. 19. Spectral energy distribution of 40-amp 
studio-carbon arc (A) and color sensitivity of super- 
sensitive panchromatic motion picture film (B) 


ultra-violet range of the spectrum was satisfactory 
for the emulsions of an earlier day which were most 
sensitive to the blue, violet, and ultra-violet rays. 
Early panchromatic emulsions, while extending the 
range of sensitivity to all visible colors, were still 
low in sensitivity to yellow, orange, and red. A 
special type of flame carbon strong in orange and 
red emission was developed to meet the demands 
of that period for an efficient light source giving 
equal photographic effect for all colors. The de- 
velopment of present day supersensitive panchromatic 
emulsions, having much greater sensitivity to orange 
and red than the early types, calls for a light source 
of almost equal strength in all color bands; in fact, 
the color sensitivity of these emulsions is almost 
perfectly balanced to the radiant energy distribution 
of normal daylight. 

An improved white flame photographic carbon 
recently has been developed to match the sensi- 
tivity of these latest photographic emulsions, thus 
giving the motion picture studios the advantages of 
speed and coolness which characterizes the use of the 
carbon are in photography. More than 40 per cent 
of the radiation from this are is photographically 
effective. This new electrode is a metal coated car- 
bon 8 mm in diameter with a core composed of rare 
earth chemicals of the cerium group. Special lamps 
developed for use with this carbon in the studio 
operate silently with continuous and uniform feed- 
ing of the carbons. These lamps overcome the ob- 
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jections to noisy and jumpy operation which were 
raised against the old types of arc lamps when 
sound was introduced into motion picture produc- 
tions. 

The new studio carbon arc is operated on direct 
current at 35 to 40 amp with about 371/, volts across 
the arc. At this current density, 450 to 510 amp 
per square inch (70 to 79 amp per square centimeter) 
and with the relatively short are length employed, 
the arc departs from normal characteristics of the 
regular white flame arc and takes on many of the 
characteristics of the high-intensity arc; however, 
the crater formation in the positive carbon, while 
distinct, is not deep. The brilliant gas ball at the 
tip of the positive carbon consequently has a highly 
effective lateral emission. 

This arc at 40 amp and 37!/, volts gives about 
9,330 candle power in the horizontal direction. A 
twin are (2 arcs in series) without reflector gives ap- 
proximately 200,000 lumens at this current and arc 
voltage compared with 158,000 lumens for the 
regular white flame arc using 13-mm carbons under 
the same conditions. On a 115-volt circuit this 
represents an efficiency of 43.5 lumens per watt as 
compared with 34.4 lumens per watt from the ordi- 
nary white flame twin arc. The energy distribution 
curve at 40 amp and 37!/2 volts is shown in Fig. 19 
together with the color sensitivity curve of a modern 
panchromatic photographic emulsion. Radiant en- 
ergy of this new carbon in the visual part of the spec- 
trum is considerably greater than that of earlier 
types of flame carbons and shows a peak in that 
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Fig. 20. Photographic effect from studio carbon 
arc compared with that from sunlight 
Ordinates represent the product of transmission of glass lens, 


relative sensitivity of film, and spectral energy distribution of 
light source; values adjusted to give maximum equal to 100 


region where supersensitive films are least sensitive. 

Figure 20 shows the photographic effectiveness 
of the light from these carbons compared with that 
of natural sunlight. These curves take into account 
the spectral sensitivity of the photographic emul- 
sion, the energy distribution of the light source, and 
the transmission factor of the camera lens. The close 
similarity to daylight in photographic effect is readily 
apparent from the figure. 

This new carbon with the improved silent lamps 
designed for its use is restoring the popularity of 
the carbon arc in motion picture studios for black 
and white photography and has proved indispensable 
in the latest color process. Its high electrical and 
photographic efficiency makes it an equally desirable 
source of illumination for all kinds of photography. 


INTRINSIC BRILLIANCY 


In many applications such as searchlights, spot- 
lights, and motion picture projectors, it is essential 
that a powerful light be obtained from a source of 
small dimensions. In this respect the carbon arc 
is unsurpassed. The intrinsic brilliancy, that is, the 
candle power per square millimeter, for several types 
of arcs is given in Table III. For comparison, the 
intrinsic brilliancy of other light sources is included 
in the data presented. 

Manufacture of lighting carbons requires a large 
investment in specialized equipment. The raw 
materials used are the purest commercial form of 
carbon available and the bonding agents are refined 
and distilled to required characteristics under condi- 
tions permitting very close control. Careful labora- 
tory supervision at every stage of production is 
necessary to maintain the required standards in the 
finished product. 

The carbon are provides the basis for a ceaseless 
program of research. Steady improvements are 
being made in electrode manufacture as well as in 
lamp design. Longer electrode life, steadier opera- 
tion, and higher electrical efficiency are being at- 
tained. New fields of application are being dis- 
closed. Better adaptation to the many uses in 
which the arc now is applied is being achieved. 

The high efficiency of the carbon arc as a source of 
visible and ultra-violet radiation, the flexible and uni- 
form quality of radiation it provides, and its ex- 
tremely high intrinsic brilliancy in relation to other 
artificial sources of radiant energy give the carbon 
arc a prominent and increasingly important place 
in the broad field of illumination. 


Table IIl—Intrinsic Brilliancies of Light Sources 


Candle Power per 


Light Source 


Square Millimeter 


Source of Data 
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Lightning Investigation 
on Transmission Lines—lv 


Lightning currents ranging from about 
4,000 to 63,000 amp in the towers of 
electric power transmission lines have been 
measured by the surge crest ammeter; of 
64 readings obtained, all but 2 showed 
currents of negative polarity. This paper 
is the fifth in a series by the same authors 
reporting the results of a continued investi- 
gation of lightning effects on several typical 
transmission lines in different parts of the 
United States. 


By 
W. W. LEWIS C. M. FOUST 
MEMBER A.I.E.E. MEMBER A.I.E.E. 


Both of the General Elec. Company, Schenectady, N. Y. 


ae YEAR 1933 was the eighth year 
of a continuous investigation of lightning effects on 
electric power transmission lines, carried on co- 
operatively by the General Electric Company and 
several operating power companies. This paper is 
the fifth of a series of A.I.E.E. papers by the same 
authors, reporting the results of this investigation. 1 
During 1933 the investigation was conducted 
mainly on the Wallenpaupack-Siegfried 220-kv line 
of the Pennsylvania Power and Light Company 
and the 132-kv Glenlyn-Roanoke (Va.) line of the 
Appalachian Electric Power Company (American 
Gas and Electric Company system). The field work 
dealt largely with the measurement of tower currents 
resulting from lightning discharges, for which purpose 
the surge crest ammeter was used almost exclusively. 
The conclusions of the preceding paper in this series 
are confirmed and restated in the first 3 paragraphs 
of the following summary of results: 


1. The overhead ground wire definitely has been shown to be 
effective in reducing line tripouts. 


2. Beneficial effects of low tower footing resistance have been 
shown by the data and analysis. A 220-kv line with normal insula- 
tion and conventional ground wire arrangement has operated for 
5 years without flashover on towers with footing resistance 12 ohms 
or less. 


3. The counterpoise is an effective means for securing low tower 
footing resistance. 


Full text of a paper recommended for publication by the A.I.E.E. committee 
on power transmission and distribution, and scheduled for discussion at the 
A.I.E.E. Pacific Coast convention, Salt Lake City, Utah, Sept. 4-7, 1934. 
Manuscript submitted May 23, 1934; released for publication May 31, 1934. 
Not published in pamphlet form. 
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4. In 64 readings obtained with the surge crest ammeter the tower 
current ranged from 4,000 to 63,200 amperes. 


5. Practically all currents measured in transmission towers have 
been of negative polarity, indicating discharge from negative clouds 
and upward travel of the current in the stroke. 


These data and accompanying theory indicate that 
lines may be designed for lightning conditions on the 
basis of correlating tower current, tower footing 
resistance, and line insulation strength. 


LINES AND MEASURING EQUIPMENT 


Wallenpaupack-Siegfried Line. This single circuit 
horizontally arranged line in eastern Pennsylvania 
extends from ,Wallenpaupack generating station to 
Siegfried, a distance of approximately 65 miles.? At 
Siegfried the line joins the Siegfried-Plymouth 
Meeting line and at Bushkill the line is tapped by 
the Bushkill-Roseland (N. J.) line. 

For a distance of 27.2 miles the line is equipped 
with 2 overhead ground wires and for the remaining 
37.5 miles it has no overhead ground wires. Of the 
ground wire section 2.6 miles are equipped with a 
continuous tower-to-tower counterpoise (buried cop- 
per cable) and 23.6 miles are equipped with radial 
counterpoises (4 buried copper cables each 50 ft 
long). One mile of the ground wire section has no 
special provision for reducing the tower footing 
resistance. Tower footing resistances in the tower- 
to-tower counterpoise section were reduced from 
50-150 ohms to 1—-1.5 ohms, and in the radial counter- 
poise section from 10-150 ohms to 5-75 ohms by the 
addition of the counterpoises. 

All insulator strings were equipped with surge 
indicators and all towers with lightning stroke 
recorders and surge crest ammeter magnetic links,® 
placed 2 in. and 8 in., respectively, from the corner 
of the angle iron. Ten towers were equipped with 
lightning rods connected to the towers through 
resistors, lightning stroke recorders being shunted 
across the resistors. At 5 towers the overhead 
ground wires were insulated from the tower and 
connected to the tower through resistors shunted by 
lightning stroke recorders. Magnetic oscillographs 
were located at Wallenpaupack, Siegfried, and Rose- 
land. 

Glenlyn-Roanoke Line. This is a double-circuit 
vertical line in Virginia approximately 65 miles long 
with one overhead ground wire at the peak of the 
towers.* Tower footing resistance measurements 
were made between October and December 1931 with 
the ground wire detached; these ranged from 5 to 
400 ohms. In May and June 1932 counterpoises 
were installed at 20 towers on the Roanoke end and 
20 towers on the Glenlyn end. The footing resist- 
ances were checked at the Roanoke end and a 50-per 
cent reduction in resistance was found as compared 
with the measurements made in 1931. 

The counterpoise at each tower consisted of 380 ft 
of 1/15 x 2-in. galvanized iron strap. Two lengths of 
150 ft each extended out from diagonally opposite 
tower legs, parallel with the line; 2 lengths each 
40 ft long extended out at right angles to the line 
from the other 2 tower legs. The counterpoise con- 
ductors were buried approximately 18 in. under the 
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surface of the ground where conditions permitted, 
and were bolted to the tower legs. 


All 3 conductors of one circuit of the line were 


completely equipped with expulsion protective gaps.° 


All towers were equipped with lightning stroke 
recorders and surge crest ammeter magnetic links 
on one leg; 60 towers had magnets on all 4 legs. 
Each leg installation consisted of 2 magnetic links 
placed 1 in. and 7 in., respectively, from the corner 
of the angle iron. Twenty towers had tower top 
lightning rods connected to them through resistors 
shunted by lightning stroke recorders. In addition, 
the rods were equipped with surge crest ammeter 
magnetic links. Crossarms of 90 towers had surge 


_ crest ammeter magnetic links on the side not equipped 


with expulsion protective gaps, one link per crossarm. 
An automatic magnetic oscillograph was installed at 
Glenlyn to assist in determining the characteristics 
of the fault current. 


LIGHTNING CURRENTS IN TOWERS 


In previous years tower currents have been deter- 
mined by means of the lightning stroke recorder. 
This instrument measured the potential drop across 
a portion of the tower leg and this drop was trans- 
lated into current by means of a laboratory calibra- 
tion. Because of the uncertain cause of this poten- 
tial drop, i. e., whether attributable to resistance, 


reactance, wave front, or a combination of these, it 
was not possible to make a reliable translation of the 
readings into current, and there is ample reason to 
believe that most of the readings of appreciable 
magnitude were too high. This instrument still is 
used; it is of value in checking polarity and in deter- 
mining the location of the stroke. 

The surge crest ammeter magnetic link responds 
only to the magnetic flux set up by the current 
passing down the tower leg and gives an accurate 
measurement of that current. Its only drawback 
is that oscillating or alternating current tends to 
demagnetize the links. However, theory and evi- 
dence seem to indicate that the lightning current 
itself is unidirectional. Correction readily may be 
made for the slight demagnetizing effect of the power 
frequency current that follows the lightning stroke 
current down the tower. 

Table I gives the results of all the readings ob- 
tained on the Wallenpaupack-Siegfried line with the 
surge crest ammeter. These readings are divided 
into 3 groups. Items 1 to 10, inclusive, were for the 
section of line with overhead ground wires. No 
flashed insulators and no tripouts resulted (there 
was one surge indicator operation). The product of 
current and tower footing resistance for all readings 
was less than 400 kv. 

The second group of readings, items 11 to 22, 
inclusive, was for sections of line having no overhead 


Table I—Surge Crest Ammeter Readings, Flashovers, and Tripouts on Wallenpaupack-Siegfried 220-Kv Line During 1933 


Surge Crest 


Footing Ammeter 
Item Line Tower Resistance, Reading, 
No. Name No. Ohms Amperes 


Overhead No. of 
Products Ground Flashed Insulator 
DRS <1 0s Wires Insulators Tripouts Units 


* A trace corresponds to about 4,000 amp. 

** Stroke probably occurred to open line beyond this tower (WT—28-4). 
t+ Counterpoise installed. 
t One of these flashovers caused tripout No. 11. 


WT—Wallenpaupack tap. SR—Siegfried-Roseland line. 
SI indicates surge indicator operation but no flashed insulators. 
Insulator flashover voltages: 
wave, 1,425 kv, 
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14 units, 1 x 5-usec wave, 1,565 kv; 14 units 1.5 x 40-usec wave, 1,265 kv; 16 units, 1 x 5-usec wave, 1,775 kv; 16 units, 1.5 x 40-yusec 
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Table II—Surge Crest Ammeter Readings, Flashovers, and Tripouts on Glenlyn-Roanoke 132-Kv Line During 1933 


No. of Footing Tower No. of 

Item Tower Towers Resistance, Current* Product Flashed Insulator 

No. No Involved Ohms Amperes IR X 1073 Insulators Tripout Units** 
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* Where more than one tower is involved, data are given in this table for only the tower with highest current. 


** 43/4-in. spaced units. 
Insulator flashover voltages: 
wave, 930 kv. 


ground wires; flashover and tripout took place in 
all cases. Three of the products of current and 
resistance were high and of the order of the insulator 
flashover voltage for standard test waves; the other 
products were 400 kv or less. In this section a 
stroke to a conductor could result in insulator flash- 
over regardless of the tower footing resistance. 
Only for strokes to towers would footing resistance 
determine flashover. In the ground wire section, 
however, for strokes to both towers and ground 
wires, flashover would be determined by the tower 
footing resistance. 

The third group, items 23 to 32, inclusive, occurred 
in the section without overhead ground wires where 
there were no flashovers or tripouts (2 surge indicator 
operations were recorded). For all these readings, 
the product of current and resistance was less than 
700 kv. ; 

Tower currents varied from 4,000 to 40,000 amp. 
All currents were negative except item 28, which 
showed a trace of positive current. 

In Table II are listed 23 lightning disturbances 
on the Glenlyn-Roanoke line. This line is equipped 
throughout with one overhead ground wire. A total 
of 32 registrations by the surge crest ammeter was 
recorded, but only one item in each group involving 
several towers is listed in Table II (that is for the 
tower showing highest current). Flashover of insu- 
lators occurred with the first 3 items and tripout 
with 2 of the 3 items. The product of current and 
tower footing resistance in these items exceeded the 
flashover voltage of the insulators with standard 
test waves. In the remaining items there was no 
flashover or tripout and all products of current and 
footing resistance were less than 600 kv. 

Tower currents ranged from 6,800 to 63,200 amp, 
and all currents were negative except one, item 36, 
which indicated 7,600 amp of positive polarity. 
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10 units, 1 x 5-ysec wave, 960 kv; 10 units, 1.5 x 40-usec wave, 795 kv; 12 units 1 x 5-ysec wave, 1,135 kv; 12 units, 1.5 x 40-ysec 


Table Ill—Flashover of Towers, Insulator Assemblies, and 
Spillway Gaps on Wallenpaupack-Siegfried 220-Kv Line 


Flashed Spillway 

Flashed Insulator Gap 
Year Towers Assemblies Flashovers 
NODG white cheumatayatevseee ht ere een ceoren 24. ccorcarsingiewees aseeat 
NOD Tiaras covert tie: eae YS eo OPERONS Gi ae BO. Keiteidioe acetate 1 
ODS Seri fet cache eae NOOR oera othe eerie L288 She axateciete ences 0 
L929), tevsierse onerous ole i Litem Cor AO QO sae reratiecststn arouse con aeke 9 
LOSOLe tot ace eee SO) Aa Sie eres ee ties BOCs. Pas etna ete 4 
1.98 sre agentes eetuerie’s Bb Eero bb oe BB orcustera eee meres 4 
LQ 32) te yatencterercnsecins IF ye ca hee cadeneeueta te VY MEE EMOTE REAL OS 2 
1935... kee eee ZO orcas neve ares OS” os vase entncatetanes 1 
Totaly Jaca wae SSB favs ctaluereey aes ALT Bike ortarnerate 21 


* Includes carry-over from 1926 and 1927. 
Spillway gap flashover voltages: 1 x 5-usec wave 880 kv; 
690 kv. 


1.5 x 40-usec wave 


Table IV—Flashed Towers on Wallenpaupack-Siegfried 
220-Kv Line Tabulated With Respect to Overhead Ground 
Wire Construction and Method of Grounding 


Overhead Ground Wires 
No Tower- 

Overhead to-Tower Radial 

Ground Standard Counter- Counter- 
Year Unknown Wires Grounding poise poise Total 
LOQGgwee bc cuseeoseeneene LS y's re crbiceecorsalarerstere tye a ane ee ne 18 
192 Teese 1 i een ee C PER OTe ae Hooda Sao nad one 15 
1928 hee bees 2D eee 1 emer a BE es tk LO ee ee 100 
W929 earexsrare Ons tate TS era ener er ae O.. Se, eerie 75 
19SO see Onnserstane Bie Garren oo cee OW ARES Daal a 50 
19ST eee Oss scts BOn ates crete eeracncctin Oa US Sestenees 37 
1932406 eee Ose 5’ eee OM era Oe eee Die Fx oe 17 
1933.3 Omens ns PEW O Se OR beet ad Ol xi sscea OF Rta 26 
Totalonaace Sone Pht ee Rs Oe | ee Oo c.caae Ob pate 338 
Miles}... econts aeons RIAA Pavan Sie I Ojnseenyere PIP ENE 3 23) Bis: ck 64.7 


* One flashover on reduced insulation. 


j Present mileage of each item. This mileage has changed from time to time 
as construction has been changed. 
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Table V—Tripouts Caused by Lightning on Pennsylvania- 
New Jersey 220-Kv Interconnection 


No. of 
Circuit Miles 


No. of 


No. Tripouts per 
Tripouts 


100 Circuit Miles 


Estimated 


With Without With Without With Without Lightning 
Year 0.G.W. O.G.W. 0O.G.W. 0.G.W. 0O.G.W. 0.G.W. Severity 
O28 cream NV fe Banatec ft is Ae Geer ae alcrene ers rs Son SQ esens 100 
19295 ahr: IRV 6 toacnord Nes So niiS SW arsense Corti ere Dios. WOE Shite 130 
NOSO estes = OT ere. CY iE nthr bon Cesk DS Mee cee Si Ls 3 62n ee 100 
NO SHG cx Sc POE 15 Eile SM eaters (iereror, PAO! A ees TO tetens bay SRC 70 
Raa ores SOO TEE ett Sle eret > Diez vaxeres ONcrnGicts De Oe ereuers Lassen 50 
HOSS eeeraers S10 Ibo oe CF oo 0-0 Gale DI eracereh eS eae Mslbcee:c-ois B8x we oe 70 
Motel ersepe ate eaten ere Sve yersse cs SOLeeeer 116t 
INSEE L405 6s Bin CH HORY Ost gC ROSE LCE cae aE aE 2b tee: 50 


O.G.W. = Overhead Ground Wires. 

* All on Wallenpaupack-Siegfried line. 

_ t Mileage distributed as follows: Wallenpaupack-Siegfried 27 miles; Siegfried- 
Plymouth 49 miles; Bushkill-Roseland 46 miles; Roseland-Plymouth 72 miies; 
Conowingo-Plymouth 114 miles. 

t The locations of 49 tripouts were not known definitely, but these have been 


assigned to section with or without ground wires in accordance with correlated 
information. 


Table VI—Effect of Tower Footing Resistance on Flashed 
Towers on Wallenpaupack-Siegfried 220-Kvy Line, 1929- 
1933, Inclusive 


Resistance No. of Towers Ratio Flashed 
Range, Ohms Flashed Total No. to Total Towers 
A. Overhead Ground Wire Section 
1S bh ae ee OG eee were ORE SO actos vaheeleree cae 0.00 
BS GOO cite ls catwcayece LO eesie cerca. LOOGK es A ccleetete 0.10 
66120 Narttscomiee cet elens Deen serironsine By a oiatscataleeran 0.50 
1D Oeeera a ciated tote ake LON Wenner eccr Ad Oleer sR eraiatereeeae 0.09 
B. Section Without Overhead Ground Wires 
LOS Satcvetersscccreehatehs 1A arco othe eiaiers ANE ee oles Rae 1.00 
a) ee DSA pracer's <istoteeietere V4S irik csaws,s atten 0.91 
BG S80 nareteriens a saeke ees PER tS Beer R BO utaaeie sete orstets Onae, 
1—330 ty ee, ie, eee TOD Riots ecoteneeers 0.89 
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FLASHOVERS AND TRIPOUTS 
AS AFFECTED BY OVERHEAD GROUND WIRES 


Table III shows the number of flashovers on 
towers, insulator assemblies, and spillway gaps on 
the 220-kv Wallenpaupack-Siegfried line for 8 years, 
1926 to 1933, inclusive. The spillway gaps are at 
the line terminals and are set at approximately 
50 per cent of the flashover voltage of the line 
insulators. 

Data for the 338 flashed towers shown in Table III 
are analyzed in Table IV with respect to the over- 
head ground wire construction of the line. It was 
not possible to classify 33 flashed towers; of the 
remaining 305, 288 were on the 37.5 miles without 
overhead ground wires and the remaining 17 occurred 
on the 27.2-mile ground wire section. None of the 
flashovers has occurred on the tower-to-tower 
counterpoise section since the counterpoise was in- 
stalled, although 29 insulator assembly flashovers 
occurred in this section in the 3 years prior to installa- 
tion of counterpoise wires. While the radial counter- 
poise does not show up as well as the tower-to-tower 
counterpoise, it must be remembered that the radial 
arrangement consists of only 200 ft of cable in 4 
50-ft lengths, and the tower footing resistance is not 
nearly as low (5 to 75 ohms) as in the tower-to-tower 
counterpoise section (1 to 1.5 ohms). Also, of 
course, about 9 times as much line is equipped with 
the radia! as with the tower-to-tower counterpoise. 

Table V summarizes the tripout situation on the 
entire 220-kv Pennsylvania-New Jersey interconnec- 
tion, consisting of approximately 346 miles of line. 
Tripouts are shown to be approximately 20 times as 
frequent on the line without overhead ground wires 
as on the lines with overhead ground wires. 

Table VI shows the effect of tower footing resist- 
ance on tower flashover for the Wallenpaupack- 
Siegfried line during the 5-yr period, 1929-33, inclu- 


Table Vil—Lightning Tripouts on Typical Transmission Lines With Overhead Ground Wires 


Height of 
Ground Wires Distance Distance Tripouts 
No. of No. of Above Between Between per 100 
No. of Insulator Ground Conductors Outside Ground No. of No. of Miles 
Company and Line Ky Miles Discs Wires at Tower Conductors Wires Tripouts Years per Year 
Pa. Power & Light Co. 
Wallenpaupack-Siegfried............... 22 Osta terra 2 Time erat Uokers LE=IB eetave avs Qectes es NOPS—lte Bret 4 Oc actnctearat 22); Bigncss avers AAS Aateihe Go” Papeete tate 2.47 
Pa. Power & Light Co. and’ 
Bre ee P&L 220 14 2 13 52.5 28 
: 2 Per SECTIONS ODONLS. = League, aus meee MLAS Rie iccinsoictelolejay-fo mL Omen Merete Bt). Panne 
Siegfried-Plymouth. { Piita ‘Bice section 220 } 0049 re ie ee 2 een 16 SAM hie Bi Mavens 38.5 poo PE 20 Weg 20830 RA: 
Philadelphia Elec. Co. 
Conowingo-Plymouth (No. 1)........... D2 ecsae Tee theese te iY waticcae OT Soca c eee radooe Gp PG Gone ZOD neielentets Sacewacs Wes Sano 2.34 
Conowingo-Plymouth (No. 3).........-. SE | ie eee ar Bie i gretccahe oul ee cers arete Ty Wane a hee ace PADRE tect Si orcrate 200 esc 2.34 
Public Service Gas & Elec. Co. 
PSSM OSEIANG acin-) or ie cles ssid iw acclae. 55 20M sates Oa aS ara 16-18. 2.2.0. Divs ielavens USe iis. aoe Seog easscreet 28) Bi ercisraverste Uiecten. teks re aS SEs 1.09 
Public Service Gas & Elec. Co. 
Roseland-Plymouth...............++--- 220 eae at (Cora IG=18 cc Die cisere |: ae ea GYM anBo ae OL oben Skeets See AAS HeS 3.7 
Pa. Water & Power Co. 
Safe Harbor-Westport...........--..++- DO eae eestetale (AY) * Socket DOE yethetate.s 2isereiehors Z6iey Sreretee FOREN San occ ADDS acrefels iar Mas. do Zw seit ORs 
Philadelphia Elec. Co. 
Philadelphia-Chester**................. OGistrcecteters ie eee ORO 8* waar Drarterers UV wa ere: Lilie 2Owreteclere We2 Gi cretere ele ic ociee 16) Terie 0.45 
N. Y. Power & Ligkt Co. 
Greenbush-Pleasant Valley**........... LI Oe: eS. Gaudio VD Ayers ioe OTe SOG Se Omer 28 ow tater 22> eet sera Bie-snewysnae 2.25. nae 2.08 
N. Y. Power & Light Co. 
N. Y. Edison Co. 
Pleasant Valley-Millwood**............ NBD) eae ielers AOE Si ceiaene Zi vetetetere «1 « 2 signees nerds = dans SUA oo onde SliltaT: eteemeenss 2) ae ererele 2. Ree 2.47 


* 5-in. spacing; other lines 5?/4-in. spacing. ) 
%% Double-circuit vertical; other lines single-circuit horizontal arrangement. 


Avucust 1934 


1183 


Wave Front 


1200 Measured at End of Line 

1100 D Positive 1928 (15 

1000 © Positive 1929 (31) 

ane 4 Negative 1929 (12) 

800 (cae DG 
2 100 (ee a el (SS 
8 600 Baa 
* 500 

400 

300 

200 

100 

0 


3 45 678910 20 30 40 5060 80100 200 
Microseconds 


Fig. 1. Length of front of 45 waves caused by 

lightning on the 220-ky Wallenpaupack-Siegfried 

line as recorded at end of line by cathode ray os- 
cillograph 


sive. In this period it was possible to locate the 
flashovers fairly accurately. For the overhead 
ground wire section the ratio of flashed to total towers 
is about 1 in 10; for the section without overhead 
ground wires the ratio is about 9 in 10. For the 
overhead ground wire section there were no flashed 
towers where the grounding resistance is 12 ohms or 
less, regardless of the manner of grounding. For the 
section without overhead ground wires the tower 
footing resistance apparently is immaterial. This 
may be because in this section many of the strokes 
are direct to the conductor; for such strokes tower 
footing resistance has no effect on flashover. 

From the data here presented, it is evident that 
the overhead ground wire is effective in preventing 
line flashover, that it is more effective the lower the 
tower footing resistance, and that this particular line 
is immune from flashover if the tower footing re- 
sistance is 12 ohms or less. 

Calculations have been made for the location of 
overhead ground wires to take care of direct strokes.° 
These calculations are based upon assumptions as 
to the lightning potential at the instant of contact 
with the overhead ground wire, such assumed values 
varying from 5,000 to 20,000 kv, and also upon 
assumptions as to the steepness of wave front of the 
lightning stroke. These values have not been sub- 
stantiated by measurements of stroke potential and 
wave front at or near the point of contact of the 
stroke. The recommended height of ground wires 
above conductors varies from 20 to 50 ft, depending 
upon the assumptions. 

It is useful to review the data secured by the 
cathode ray oscillograph concerning length of front 
and duration of waves on transmission lines; this 
will be done ina later section. It is useful also to re- 
view the ground wire arrangements now in use on prac- 
tical lines and to see how these lines have operated. 

In Table VII are listed several 220-kv lines in 
Pennsylvania, New Jersey, and Maryland, also a 
66-kv line in Pennsylvania and 110- and 132-kv lines 
in New York. Data are given as to the line insula- 
tion, distance between conductors, distance between 
ground wires, and height of ground wires above 
conductors, also as to the number of tripouts and 
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Time to Half Crest Value on Tail 
Measured at End of Line 
Oo Positive 1928 (1) 
© Positive 1929 (32) 
4 Negative 1929 (12) 


Kilovolts 


| 
? 3.4 5 678910 20 30 40 5060 80 100 200 
Microseconds 


Fig. 2. Time of half crest value on tail of the 45 
waves whose lengths of front are shown in Fig. 1 


tripouts per 100 miles of line per year. It is not 
apparent from this tabulation that line construction 
or location of overhead ground wires accounts for 
the difference in performance of these lines. It is 
probable that 2 factors missing from the tabulation, 
namely, tower footing resistance and storm severity, 
together with line insulation, are the important 
factors that account for most of the differences in line 
operation. 


LENGTH OF WAVE FRONT AND 
DURATION OF WAVES ON TRANSMISSION LINES 


During the years 1928 and 1929 a laboratory with 
cathode ray oscillographs was located within 300 ft 
of the Wallenpaupack Station of the Wallenpaupack- 
Siegfried line, and in 1930 the laboratory was located 
at Cherry Valley, about 42 miles south of Wallen- 
paupack. In Fig. 1 are plotted the wave front (time 
from beginning to crest) against kilovolts for 45 
waves of which cathode ray oscillograms were 
secured at Wallenpaupack in 1928 and 1929, and 
in Fig. 2 are plotted the time to half crest value on 
the tail (measured from the beginning) against kilo- 
volts for the same waves. 

In Fig. 3 are plotted the wave fronts against kilo- 
volts for 16 waves the oscillograms of which were 
secured at Cherry Valley in 1930, and in Fig. 4 the 
time to half crest value on the tail against kilovolts 
for the same 16 waves. One oscillogram (Fig. 5) 
taken at Cherry Valley is not plotted. This was a 
direct stroke that flashed over the line insulators at 
approximately 3,000 kv on the front of the wave; 
therefore, this wave could not be included on the 
same basis as the others. 

These figures show that in general the waves at 
the mid-point of the line are shorter, both as to 
front and duration, than the waves at the end of the 
line. Possibly the difference in length may be 
accounted for by the waves being recorded nearer 
their origin at Cherry Valley than at Wallenpaupack. 
The waves recorded at the latter place would tend 
to attenuate and lengthen out both on the front and 
tail by travel over the transmission line. At the 
end of the line the waves may reflect and increase in 
voltage; this increased voltage would tend to arc 
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Fig. 3. Length of front of 16 waves caused by 
lightning on the 220-kv Wallenpaupack-Siegfried 
line as recorded at midpoint of line by cathode ray 
oscillograph 
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over the oscillograph trip-gap oftener, thus giving 
more records. 


MECHANISM OF FLASHOVER 


Many helpful studies of lightning tripouts of trans- 
mission lines have been made in an effort to reduce 
the problem to one of engineering calculation. How- 
ever, inasmuch as great uncertainty has existed 
regarding the actual electrical mechanism of the 
lightning stroke and the manner in which it builds 
up flashover voltage across insulators after striking 
the line, most of these studies have been based upon 
assumptions which have made conclusions question- 
able. 

Somewhat in disagreement with the usual con- 
ception of the stroke as a traveling wave advancing 
from the cloud to the line, it has been pointed out 
that the stroke actually begins at the line and ad- 
vances upward toward the cloud.’ Considerable 
laboratory and field experience appear to substan- 
tiate the latter viewpoint. Recently a valuable 
photographic study of lightning® has resulted in the 
conclusion that after a downward leader or dart 
stroke provides an ionized pathway for the main 
discharge current, the main stroke follows imme. 
diately, passing upward from ground to cloud. The 
polarities found were cloud base negative and ground 
positive, which is in agreement with the surge crest 
ammeter findings given in this paper. 

One cathode ray oscillogram of conductor poten- 
tial was obtained for a direct stroke to the conductor’ 
on the Wallenpaupack-Siegfried line. This section 
of line was without overhead ground wires and the 
stroke hit the conductor within a span (1,000 ft) of 
the oscillograph. The oscillogram shows a time 
from the beginning of the voltage rise on the con- 
ductor to flashover of about 5 usec (Fig. 5). The 
conductor potential at the point of measurement 
built up slowly to 1,000,000 volts in about 4 usec, 
then more rapidly to 3,000,000 volts at the end of 
5 usec. A velocity of propagation of the lightning 
stroke upward of approximately 150 ft per micro- 
second’ would indicate that the main streamer had 
progressed less than 1,000 ft toward the cloud. The 
3,000-kv conductor potential, assuming a surge 1m- 
pedance of 300 ohms, indicates a current of 10,000 
amperes, which should be at least doubled to account 
for current flowing in both directions in the conduc- 
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Fig. 4. Time of half crest value on tail of the 16 
waves whose lengths of front are shown in Fig. 3 


tor. Assuming as indicated by crest current records 
that this stroke current was at least 60,000 amp, the 
total time element involved in the current wave 
front would be 8 or 10 usec and the upward pene- 
tration of the main streamers would have reached 
approximately 1,500 ft in this time. The time re- 
quired to reach the cloud would be at least 30 usec 
assuming the cloud height to be about 4,500 ft. A 
total time for stroke duration might be about 100 
usec, during the last 70 of which the current dropped 
from 60,000 amp to zero. 

In view of this order of current variation, and in 
connection with strokes to the tower structure, it is 
interesting to recognize that the tower and counter- 
poise are short in time length. With the lightning 
current rising slowly at first as the stroke proceeds 
upward, then more rapidly, but never at such a rate 
as to give important potential differences along the 
tower, counterpoise, or in the ground due to distance, 
the tower potential can rise to insulator flashover 
levels only by virtue of resistance potential drop in 
the tower footing. Lightning stroke recorder read- 
ings of potential across 35 to 40 ft of vertical tower 
structure have had.an upper limit of approximately 
40,000 volts. This shows the impedance drop along 
the tower structure to be unimportant as regards 
flashover. The problem of limiting tower potentials 
therefore becomes one of limiting tower footing 
resistance. This is accomplished by reducing the 
high current densities at the immediate tower footing 
through the use of buried counterpoise wires which 
carry the current away from the tower structure. 

This way of looking at the situation means that 
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Fig. 5. Reproduction of oscillogram of a direct 
stroke at Cherry Valley laboratory, Wallenpaupack- 
Siegfried 220-kv line, July 24, 1930 
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the problem of reducing outages can be handled 
effectively merely as a problem of limiting the tower 
potentials on an ordinary resistance basis, rather 
than on the basis of dealing with a complexity of 
traveling wave reflections and couplings.*'° A solu- 
tion obtained on this basis, together with the use of 
the overhead ground wire to prevent the stroke from 
beginning on the conductor, assures in most cases 
immunity from tripouts due to lightning. 
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Analytical Representation 
of a Magnetizing Curve 


A method of representing approximately 
an empirical magnetizing curve is outlined 
in this article. An example illustrating 
application of the method is included. 


By 
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Maoxenc CIRCUITS of com- 
mercial electrical apparatus usually are more or less 
saturated at the normal operating voltages, and the 
magnetizing or saturation curves of such apparatus 
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TANGENT 
AT ORIGIN 


ASYMPTOTE 


Fig. 1. Magnetizing curve, ® = f(i), its first de- 

rivative, ®’ = f’(i), and its second derivative, ® = 

f’(i). The tangent at the origin and the asymptote 

of the curve determine the constants i, ®,, and k, 
as indicated 


expressing the relationships between the magnetic 
flux and the magnetizing current can be represented 
only by empirical curves that are obtained point by 
point either from design calculations or from test 
data. As a consequence, in several instances the 
solution of equations expressing certain character- 
istics of electrical apparatus and containing terms 
representing the flux cannot be found analytically, 
because it is not possible to eliminate the flux terms 
from such equations and introduce instead terms 
designating the magnetizing current. In such cases 
methods of graphical solution must be resorted to. 

If, however, an investigation involving magnetic 
saturation is of a more or less general character, it 
appears desirable to indicate the general equation 
of an analytical curve containing one or more param- 
eters; to these parameters such values must be 
attributed as to make the analytical curve represent 
with reasonable accuracy the empirical magnetizing 
curve of an electric apparatus, because such an 
equation makes it possible to eliminate the flux 
terms from the equations previously referred to. 
A method of representing approximately an empirical 
magnetizing curve (for instance, the saturation curve 
of a d-c generator) is outlined in this article. 

When a magnetizing curve the equation for which 
is @ = f(z), and curves for the first derivative 
®’ = f(z) and the second derivative 6” = f"(i) 
are examined (see Fig. 1) it becomes evident that 
it should be possible to approximate the (negative) 
ordinates of the ®” curve by a product of 2 factors; 
the first of these factors is proportional to the square 
of the abscissa, and the second to a power of ¢ (the 
base of Naperian logarithms) containing in the 
exponent the abscissa with negative sign. It should 
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lo 
Fig. 2. Empirical magnetizing curve (solid line 
curve) and its analytical approximation (dotted 
line curve) 


be possible, therefore, to adopt for the ®” curve the 
equation: 


t 
©” = —at?-e Fh (1) 


in which a and b are 2 positive constants (param- 
eters). Like the empirical ®” curve, the curve 
representing this equation has a minimum for a 
positive value of 7, whereas the axis of abscissas is 
both a tangent at the origin and an asymptote of 
the curve. The adoption of the equation just given 
offers certain advantages from a mathematical 
standpoint, because, in general, any function 2”ec* 
can be integrated readily for all integral values of 
nm, although a series representation of the integral 
function is necessary when vn = —1. 

The equation for # is obtained from eq 1 by inte- 
grating twice; consequently, the equation for © 
will contain, in addition to the 2 parameters a and b, 
2 constants of integration, that is, a total of 4 con- 
stants. These 4 constants can be determined by 
imposing the conditions that the analytical ® curve 
must pass through the origin O, and must have the 
same tangent at the origin and the same asymptote 
as the empirical magnetizing curve. The data 
(io, Bo, and k&)) determining this tangent and this 
asymptote are indicated in Fig. 1. 

The result of twice integrating eq 1, and of intro- 
ducing the proper values for the 4 constants in line 
with the foregoing, will not be given in the form 
@ = f(z), because it is more advantageous to intro- 
duce the ratios: 

y t Ney 

Ua ae 

in which case (provided that x is positive) the 
characteristic equation of the magnetizing curve appears 
in the form: 


y = be +1 — (Sat + 2n 41) (2) 


This equation contains only one parameter, k. 
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EXAMPLE 


An example, showing how this method of approxi- 
mating a given magnetizing curve by means of an 
analytical curve as per eq 2 should be applied in a 
concrete case, is given in Fig. 2. First, the tan- 
gent at the origin and the asymptote for the given 
curve must be drawn; second, %, 9, and k&%) must 
be determined from the diagram thus obtained, so 
that the magnitudes of %, 6, and k become known 
(in Fig. 2, k = 0.075). Equation 2 then gives y as 
a known function of x, and, as a consequence, ® 
becomes a known function of 2. 

In Fig. 2, the empirical (given) curve is indicated 
by a heavy line and its analytical approximation by 
a dotted line, thus clearly revealing the discrepancies 
between the 2 curves. By slightly varying the in- 
clinations of tangent and asymptote (these 2 lines 
cannot be drawn with absolute accuracy anyway) an 
equation (2) can be found for which these discrepan- 
cies will remain within reasonable limits. In order 
to obtain some idea about the degree of approxima- 
tion, the analytical curve should be plotted so that it 
can be compared with the empirical curve; it should 
be emphasized, however, that not many points of the 
analytical curve need to be calculated for this pur- 
pose. In general, it will be sufficient to determine, 
in addition to the tangent at the origin and the 
asymptote which can be considered as given, 2 points 
of the analytical curve and the tangents at these 
points. For instance, the points P, and P, (see 
Fig. 2) with abscissas 7 and 2%, can be chosen for 
this purpose; for any value of k, the locations of 
these points are determined by: 


O:P1 = 0.224 & and QoP, = 0.0272 & 


whereas the tangents PyP, and PP, are determined 
by: 
OP = 0.353 Do 


and OP 2 => 0.849 Dy 


(These relations can be derived easily from eq 2.) 
This means that, when applying the method and 
after drawing the tangent at the origin and the 
asymptote, the points P; and P, can be located 
directly, the tangents PyP; and PyP, drawn, and 
the analytical curve traced. 

When problems involving a reversal of field 
(magnetizing) current must be dealt with, it should 
be remembered that eq 2 applies only for positive 
values of x; for negative values of x (negative branch 
of the magnetizing curve) the following characteristic 
equation must be used instead: 

y = kx — 1 + (52 — 2x + 1) +8 

When the residual magnetism of apparatus must 
be taken into account (for instance, in problems 
dealing with self-excited d-c generators) eq 2 can be 
used without modification, provided that in Fig. 1 
the portion of the axis of ordinates now designited 
by k&) is put equal to k(® — &,) and that, instead 
Cy 
& — @, 
duced, where ®, designates the residual flux of the 
apparatus. 


- ® : es 
of the ratio y = = the ratio y = is intro- 
0 
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Lightning Investigation 
ona 220-Kv System 


Investigation of the effects of lightning dis- 
charges on the 220-kv transmission lines of 
the Pennsylvania Power and Light Com- 
pany has been continued over a period of 
several years; results obtained during the 
period 1931-33 are reported and analyzed 
in this paper. By the use of the “‘distribu- 
tion ratio method” of locating faults 
nearly all 220-kv faults causing line trip- 
outs were found quickly and positively cor- 
related with time, dynamic current, light- 
ning current, insulator flashovers, line con- 
struction, and tower footing resistance. 


By 
EDGAR BELL 


ASSOCIATE A.1-E.E. 


Pennsylvania Pwr. and 


Lt. Co., Hazleton, Pa. 


freee RESEARCH has been 
conducted on the Pennsylvania-New Jersey 220-kv 
interconnection for the past several years for the 
purpose of obtaining knowledge of the magnitude of 
lightning, and of its distribution and effects on high 
voltage transmission lines of various types of con- 
struction; also to investigate the effects of low tower 
footing resistance and special grounding devices such 
as continuous counterpoise and tower footing ground- 
ing cables. This paper briefly describes the research 
conducted during 1931-33 by the Pennsylvania 
Power and Light Company with the coéperation and 
assistance of the General Electric Company and the 
Electric Bond and Share Company, which was con- 
fined largely to the former Wallenpaupack-Siegfried 
220-kv line; the paper includes also line tripout and 
flashover data from all 220-kv lines of the inter- 
connection. 

Research conducted up to and including 1930 has 
been reported previously.! *% During the period 
1931-38, this work has consisted chiefly of the ac- 
quisition and study of operating records (flashovers, 
tripouts, and magnetic oscillograms of fault currents), 
line betterment (performance of counterpoise, etc.), 
and field research (lightning strokes and lightning 
severity). Plentiful results of diverse nature have 
been obtained, including records of lightning strokes, 


Full text of a paper recommended for publication by the A.I.E.E. committee 
on power transmission and distribution, and scheduled for discussion at the 
A.I.E.E. Pacific Coast Convention, Salt Lake City, Utah, Sept. 3-7, 1934. 
Manuscript submitted April 12, 1934; released for publication May 28, 1934. 
Not published in pamphlet form. 


1. For all numbered references see list at end of paper. 
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structure current magnitude and polarity, number 
and locations of insulator flashovers, effect of tower 
footing resistance and various tower grounding 
devices, lightning storm severity records, and so on. 
A technique has been perfected whereby locations 
of dynamic arcs can be estimated within a few miles, 
using graphic ammeter records. This unique method 
has permitted nearly all 220-kv faults causing line 
tripout to be found quickly and positively correlated 
with time, dynamic current, lightning current, in- 
sulator flashover, line construction, and tower 
footing resistance. Correlated data of these kinds 
have yielded valuable insight into the mechanism of 
lightning faulting of highly insulated transmission 
lines and demonstrate the effectiveness of low 
tower footing resistance when overhead ground wires 
are present. 

As far as the circuits of the Pennsylvania-New Jer- 
sey 220-kv interconnection are concerned, the follow- 
ing conclusions seem justified: 


1. Conventional overhead ground wires provide protection against 
most of the direct strokes encountered. 


2. Most lightning tripouts result from single-phase-to-ground 
faults. 


38. Insulator flashovers causing line tripouts usually involve but 
one phase. When overhead ground wires are present, the majority 
of flashovers occur on one structure only, and when absent, the 
majority of flashovers involve several adjacent structures (usually 2). 


4. Records of structure current resulting from lightning are prac- 
tically all of negative polarity. Magnitudes as great as 41,000 
amperes have been registered. 


5. Tower footing resistances of less than 13 ohms appear to enable 
the overhead ground wires of the Wallenpaupack-Siegfried line to 
protect the line against all strokes of lightning. This tentative 
value of resistance appears to be independent of special tower 
footing grounding cables and counterpoise. 


DESCRIPTION OF LINE 


Although a description of the former Wallenpau- 
pack-Siegfried line has been given elsewhere, it is 
believed worth while to present here a brief review of 
its design, history, and present status. The circuit 
comprising the former Wallenpaupack-Siegfried line 
is 65 miles long and of steel-tower, single-circuit, 
horizontal-configuration design. Conductors are 
795,000-cir-mil A.C.S.R. (aluminum conductor steel 
reinforced), are spaced 22 ft 7!/, in. apart, and are 
supported by 16 (or 14) insulator units spaced 5*/, in. 
Two overhead ground wires of 184,000-cir-mil 
A.C.S.R. spaced 22 ft 7 in. apart and about 10 ft 
6 in. to 11 ft 6 in. above the line conductors, were 
installed over 37 per cent of the line after 11/, years of 
operation. Two sections, one about 19!/, miles 
long and extending south from Wallenpaupack, and 
one about 4!/, miles north from Siegfried, were so 
equipped. Flashovers still occurred on these sec- 
tions of line, especially over High Knob (a rocky 
prominence 12 miles south of Wallenpaupack); con- 
sequently, early during 1929 a counterpoise consist- 
ing of a single continuous 2/0 copper cable was in- 
stalled for a distance of 2.6 miles over this ridge. It 
was bonded to 2 footings of each of the 14 towers 
which it connected, was trenched in the earth and 
loose rock where this was possible and terminated at 
either end in a network of driven rods. Tower foot- 
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ing resistances which formerly varied from 50 to 150 
ohms were reduced to about 1 to 1.5 ohms. 

During 1930 the remaining 16!/, miles of overhead 
ground wire section near Wallenpaupack, and during 
1931 the 41/.-mile section near Siegfried, were 

equipped with a less costly though less effective 
means of tower footing groundings. Groups of 4 
buried 50-ft cables, perpendicular to each other and 
extending radially outward at 45 deg to the di- 
rection of the line were installed, each cable being 
bonded to its tower footing. These installations did 
not produce the extremely low resistance of the 
counterpoise, but effected reductions of about 50 
per cent over former values. New resistances range 
from 3 to 85 ohms, with an average of 32 ohms. 
_During 1930 special overhead ground wires of 
180,000-cir-mil A.C.S.R. were installed over a 31/- 
mile section of line about 21 to 24!/, miles south of 
Wallenpaupack. These lightning stroke diverting‘ 
cables are supported on wood poles about 35 ft 
above the tower bridge, and anchored to earth by 
4 (or 6) ‘“‘copperweld”’ steel guys per structure. The 
2 overhead cables are cross-bonded at each structure 
and are insulated from the tower tops by the long 
wood poles; they are grounded by means of the guys 
and are bonded to the tower footings through buried 
return cables similar to the tower footing grounding 
cables, but necessarily much longer. 

During April 1932, a 220-kv tie> from Bushkill, 
Pa., to Roseland, N. J., was placed in service forming 
a Y-shaped line having terminals at Wallenpaupack, 
Siegfried, and Roseland and lengths of 28, 37, and 
46 miles, respectively. The latter (new) section is 
completely covered by 2 overhead ground wires. 

The circuit comprising the former Wallenpaupack- 
Siegfried line extends from Wallenpaupack, Pa., 
through Bushkill to Siegfried, Pa. The 83-mile 
circuit from Siegfried to Roseland is now called the 
Siegfried-Roseland line, and the 28-mile circuit from 
Wallenpaupack to Bushkill is called the Wallenpau- 
pack tap. Since in general the research still has 
been conducted on the circuits comprising the 
former Wallenpaupack-Siegfried line, they accord- 
ingly will be designated by that name in this paper. 


FIELD RESEARCH METHODS AND DEVICES 


Records of line tripouts, insulator flashovers, and 
magnetic oscillograms have been kept regularly 
as well as field records from specialized devices, par- 
ticularly on the former Wallenpaupack-Siegfried line. 
The surge indicators® installed on that line during 
1930 have proved valuable in locating flashovers. 
These devices, one of which is coupled to each in- 
sulator assembly, are operated by surge current in 
the tower bridge, particularly that flowing over 
an insulator assembly when flashed by lightning. 
After operation, a yellow semaphore target is ex- 
posed and can be seen by a patrolman on the ground. 

During 1929, a partial installation of lightning 
stroke recorders’ was made. These instruments, 
which are inherently voltage-measuring devices 
utilizing Lichtenberg figures on camera film, record 
the polarity and approximate crest voltage of surges. 
They are used to measure the voltage drop across a 
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section of tower when lightning current flows through 
the structure. The few installations of this device in 
1929 spanned about 30 to 35 ft on the outside of one 
tower leg only, instead of reaching from the bottom 
of one leg to the top of the diagonally opposite leg as 
in certain other investigations. During 1930 each of 
the 314 line structures was equipped, and later 
during that season the installations were improved by 
substituting a longer and more rigid lead. During 
1931 improved moisture-proof film packets of in- 
creased sensitivity replaced the former paper packets, 
and have been used each year since. During the 
4-yr period 1930-33, 352 records have been secured. 

During 1932, a different device, utilizing laminated 
steel links of high retentivity which are magnetized 
by the field surrounding a current carrying conductor, 
and designed to measure the polarity and crest mag- 
nitude of nonoscillatory structure currents, was 
proposed; 33 of these devices were installed. These 
surge crest ammeters,® as they are called, yielded no 
records, probably because of insufficient sensitivity. 
During 1933, all 314 towers were equipped with de- 
vices of improved design and about double the 
former sensitivity; 32 records were obtained. 

During 1930, the lightning severity meter® was 
first tried in a limited way. This is a small in- 
tegrating camera-like device, containing a gaseous 
glow tube connected in series between a 30-ft vertical 
antenna and ground. Electrostatic charges which 
collect upon the antenna (such as those from charged 
clouds) are discharged suddenly through the tube 
when the surrounding atmospheric field suffers a 
reduction in intensity from a lightning discharge in 
the vicinity. Successive discharges cause a cumula- 
tive darkening of the stationary film, which is left 
exposed for a period of one week. 

Because the lightning severity meter records a 
phenomenon that is affected by conditions within a 
somewhat extensive area, is cumulative in action, 
and records all disturbances great and small over a 
weekly period, its story cannot be correlated satis- 
factorily with specific occurrences such as known 
lightning strokes, insulator flashovers, etc. It seems 
to possess merit as a “lightning survey’? meter in 
selecting between alternative routes for future trans- 
mission lines. 


RESULTS—GENERAL 


It is not possible to present in detail all data se- 
cured since 1930. The plan used includes summaries 
of data obtained during these and prior years, specific 
detailed samples, and statistical tables. Valuable 
insight into the mechanism and results of lightning 
influence on this line has been obtained from corre- 
lated data of different kinds, all relating to a single 
series of occurrences, and the use of these facilities 
has reduced the amount of line patrolling formerly 
necessary after storms. For example, assume a 
given storm causing 2 line tripouts. Associated in 
time with the relay and oil switch operations are 
magnetic oscillograms and graphic ammeter records, 
and dynamic arcs somewhere on the line. The 
approximate location of these arcs is estimated™ 
from recorded values of line residual or transformer 
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bank neutral currents, and the phase or phases in- 
volved are determined from the same oscillograms. 
Consequently, patrolling usually is necessary only 
within about 5 miles each way from each estimated 
location, to permit discovery of the surge indicator 
operations and flashed insulators, and collection of 
lightning stroke recorder film packets and magnet 
links. Complete line patrols and changes of all film 
packets and magnet links are made at intervals of 2 
months. Table I presents typical information se- 
cured concerning a line tripout. 

Correlated information has permitted determina- 
tion of the locations of 72 tripouts on the Wallenpau- 
pack-Siegfried line. Since 1930, all but 2 of the 45 
tripouts have thus been located. Prior to and in- 
cluding 1930, when technique was less developed, 29 
out of 98 tripouts definitely were identified. 


LIGHTNING SEVERITY; LIGHTNING STROKE RECORDS 


Results obtained with the lightning severity meter 
have been reported in terms of “index numbers” 
and also ‘‘charge numbers.’’ An index number is the 


Table I—Representative Line Tripout Data—Former Wallen- 
paupack-Siegfried Line 


AD AEC CATV CELTIC eo es sias caniale edie oie olsiane bie te aye tceyoua « June 3, 1933, 4:55 p.m. 
Line name and tripout no... i. cece. ne ee Siegfried-Roseland No. 5 
Phase or phases involved. .cvevc. esc cee cs ne Y (single phase to ground) 


Initial residual ( Wallenpaupack.. .320 amp., 121 cycles 
amperes and ein ........1,740 amp., 29 cycles 


breaker operating times | Roseland........ 430 amp., 81 cycles 
Estimated fault location... 0. feceicsau Me se ae about 7.2 miles north of Siegfried 
showersiait ected rit aaeiic.n sseheventines erp, Sekar Cua SR 7-1 SR 7-2 
Filashedunsulators seek cicero cide cin sei ce Ces Yes (1 unit broken) 
Didesurgenndicators! WOrk Pcs e's = sieves ss Yes Yes 
Lightning stroke recorder polarity........... Negative Negative 
Surge crest amperes....... nr De Oe —Trace —12,000 
Overhead ground wires... Ses... eee es No No 
Tower footing resistance, ohms..... Reve eke 17 12 


Table II—Lightning Severity at Typical Sites 


Season Averages 


Index Numbers Charge Numbers 


log, of the corresponding charge number. The 
latter represents the total charges summed up over 
the period of a week. Both numbers have been used 
as a means of comparing lightning severity at differ- 
ent sites. Table II lists season averages of index 
numbers and charge numbers for the past 3 years 
from 11 sites in Pennsylvania, the last 4 being ad- 
jacent to, or near the terminals of, the former Wallen- 
paupack-Siegfried line. 

Typical weekly records for the 1933 season from 
sites 1, 7, and 9 representing severe, moderate, and 
mild exposures, are shown as Fig. 1. 

Most of the lightning stroke records from this line 
have been obtained from the lightning stroke re- 
corder, which apparently is quite sensitive to voltage 
disturbances. Besides recording most of the direct 
strokes to the tower to which the recorder is coupled, 
the instrument is affected by other disturbances 
which perhaps result from strokes to nearby objects 
and/or induced strokes. The records cannot always 


NO.9 — CHERRY VALLEY 
INDEX NUMBERS 


Fig. 1. 


CHARGE NUMBERS 


Typical weekly records of lightning severity 
data obtained at 3 sites during 1933 


These records, from top to bottom, are representative of 


Site ‘ 5 : 
No. Veeation 1931 1932 1933 1931 1932 10933 those obtained at sites of severe, moderate, and mild ex- 
posure to lightning 
iereordan, Valley titesechoire sin.cre Te Qine 46 ae 138....24. 138 
2.... Blue Mountain Summit......4.7....3.4........... 26....11....... Table !¥Y—Comparison of Corresponding Registrations From 
Smee lizard Creek Valley if. icc: DONO ae OLD) Slee, 45 é - 
Mee conintimeauach.shesl es. TGs) GIDC eS oe 1 106 ek oh l205 Lightning Stroke Recorders and Surge Crest Ammeters 
Deeen-Ocust Mountain... ts. + 2 Gia hac aed Dis ance Gnd arte D2 lee ier ces 
6....Broad Mountain.........%... Shek onesie aoeeae AD nD 6 a? 
VME TACKVIlLES-<s.00e sais. eemlet of shai AN Gi. nO. Onc oO aeery oa eae 30 Device Negative Positive Others Total % Negative 
35 ova pl SEP EUS sof MSE borbsithes Goran asec Wel los mOnoiaa cme e Sood Bore OLS ccutee 
Guam nerry Valleys... salsa es ioe oh Os Ove ale. 2. 2 6 
DE IE STEICK corre cakes Feo 8 te ais is bicsars e eels eee 2 TEP UR eas 28 Lightning stroke recorder...........25...... DP Pa Ne Dascue. S0te bese 83-93 
ZONE ACTED AUP AC Karere estore) aueualeiaistabereleneteselereisisiste rs Ril OE Semone one otec 31 Surge crestiammeter ae. aii PAF AIG. O86 1 eae eis Ourstiews SO ke seeker 96 
Table Ill—Lightning Stroke Recorder Registrations on the Wallenpaupack-Siegfried Line 
Total Recorder Registrations Apparent Strokes* 
Polarity 1930** 1931 1932 1933 Total 1930** 1931 1932 1933 Total 
ANG ELV GS See wietea mn Ghavers crave atatre aah re DOs Se pve Boek ee ee BS iacis, ele arene 58; Ree iienoce PEW AR AER os On 16. Sania OU).c. caus eta Lh eee Os fis gue ile 82 
IPOSIEAV Gare ci crercmievel nie iste ereus lone iererere ORR Arena i Siena SLAg he asistee QBs oe waco Laie teetetae OL Maes One R a c= Low ota Osetia 1 
Others Maniecue mais totes oust Sheree Se et rate 1D Pe A et LO nae traps NSE saya ONS 62 orcs eee Dima =, Seoyoteteiee D wcuskaacie eich 6 oes Decne 12 


* In classifying records into “‘strokes,’’ other data also have been used, such as insulator flashovers, surge (flashover) indicator operations, etc. 

** The 1930 records were obtained from now obsolete, rather insensitive, paper film packets. 

*** Many of these records have been classed as oscillatory, but they may have been caused by 2 or more successive and/or nonassociated disturbances. 
are too small for polarity interpretation. 


Some recorde 
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Table V—Correlated Lightning Surge Data for Former Wallenpaupack-Siegfried Line 


Foot- Surge Crest Lightning 
‘ ing Ammeter Products Overhead Flashed Trip- Surge 
Item Line Tower Resistance, Readings, IR X 1073 Ground Insulators out Recorder 
No. Name No. Ohms Amperes (See Note) Wires and Phases No. Record 
it WE icons. 4-5 naa Oidsveicovebecs & SO coo cooas 260 Re MGS Wi hate eiee No. None .. Neg. 
DOP cya tajatite oi ereteks BW e tek fis dea S=2 tte ok ae foeerey ce ec =—23, O00 sei ieteerns 184 Bre IOS vets lets ese e8 INOU Soi set eae None .. Neg. 
Pais Stud ee ee Wise ecterecensts 8-5 oo chums. = oe OOO Le eee as VEO. chitarsecevele Mi@S alate rise as IN On te eaten nee None .. Neg. 
Cie OS OG OSC Wiese sit aye 4s 1 eee eee LS Sherer — 8,000 Sues ae Vegi fis atiene sce No None ..Neg. 
DE onc Re eee aes SR ae arstatece «tyre 2-1 Peathay rs here tesa — 24,000 SOU Bare Ase s Wiesner wes 5 Silencer Se None . Neg. 
Bie Seay ache. 0s SIR ada ecu Pe el, Roemer LOUS a a ccc SP PAUI IS 6 arcs Aes 220 dehorme tens eS: sees nett INO Svcnsveteuite stakes corel « None .. + and — 
Cf SE ACERS ae boy Soeur CREE Ee DEBI, amir thet okevest Diascitern aye SOOO ino os-5 ores 50 a¥aeas orion VWieSinuaecsieletee IN Oi ar aaitararnasastays None ..Neg. 
‘Shona SOE SR 4-2.. Sains oveeeers trace a vcrrmacit atv GP ae rgnte Oncko OC Ea ae INO sheen chen ae None .steesn su Neg 
Ohare )che us eifeua.’s SRee ov eeaniet Be Bids aioe es Beds LO Ne etetersuamsete Laces iow tsetse (diean nin cche sc VGSiinthe sc pec INGOT Make a ecvceaketen None . Neg 
MOR aici s eyes Gre ahanno Been ASA re avs eal ates AS ees rte ices Sai ONO S 5506 anh SOO sweet leters INES atstane ise ets No IN erence 6466 + and — 
Ate mei cee ati Wis Leeper ee OOM: 30, 000 seer: 2,088 INO; breisiensiensens Vies, I nae eres i USA MNO GIR ote Neg 
17 ne CRN ee Wt Saito Pe) he ae A Or twets iets ore —=trace™ Peaks ek Ss 180 INGO eet a, terre Wie Mi aimee Vos saat cee eee Neg 
Sie cteterste iste oi sie cove WT aterstere ens. 28-4.. 1 Re ee acer tee vl 2 OO) erammenteneces 228 Wiest hesitates Mes; Les. Sean i BNE iter oor None 
a ee SRo pao cee { 7-1 \ 6 oe raster We Ee errr olen == ETACe rate owen x OBic cence Gore NO. 4c Suna on PV S)U soiarecaus ave aie Dein hehe sere Neg 
a ere S Ritian Goce ee ViPS ts See Pee te eee 5 — 12,000 144 ING? sets eee at MSL cts See oieete fa teat Re i ce Neg 
MG ey chess ai Sterex sp os tye xe SRS racers { 8-1 \ Berries cadens oA deg ein eet — 12; O00 aaeertcree ADS ccna NOR tien” Wess Ut waeiacvesnae TU aratanettcsxe saSeicte Neg 
LESS Aa oeanreeae Rites cares CEM \ esis Feecane Beene Geter — 8,000 N84 cicccropamvet UN Ose tce eeietris Wesiol Poros iss ee Neg 
LES EATA Sues love od SR 9-3.... 28ers cori aets 10 OU Omer nee 280 DINO chee c shee WES taliore wyacsicts costs Massey S maseiis of ones Neg 
Qe Sate teceeeee SR erent oie 19-3.. LUN atis Gs aon — 26,000. DVO ors sccaparet eis No.. . Yes, 3 Pate orster'e- ear sas? Neg 
oo cb tae ee ee SREP ea Le ea oo Note. 0s), - None ON Coa Py Sac RIL (CLP len aero eed (URS a 5%, a rhawes Solis 
20 eictevenste ten seeeravsic SRA naa DAD) Fe usysusnal creo 7A OR. See == 2: OOS etrereyearnes cus DAO Me spetewicus siege INGE ae D Use Yes, 1 LO ascent n tects None 
Diletta wv ce istene SRE er aererue tees 27-4 Sa ae ee = ROO. secon oot 55 sIN Gaeretn ccocnpstncenes WES, Lekoec institu V7 savin Se Neg 
Oi Me elses, ane arsine SRewiacahmenias 31-3 Sy RE ny oes 41 COOSA nee alee 1,390 ReIN Oetiker ite Wes Se ss ute ers Pra Suen Neg. 
ETS, See er Ba Se ee SR . 7-4.. TO ayaa annie a —trace*. 20 tse CO einwiviee see ING. < siete arene No. None.. .. Neg 
A RP 6. <i ey-1 sites SRR a, ioe B24 sacs cca ZO Msieae eters: — 33,000 660 SUN Olesen eine ueee NOin iat pero None.. .. Neg 
AD St RD COE SR eter cater te 9-2.. US ceranoe: — 12 OOO Mei alec stec as 180). 22.355. 285 INIONS: Sgeamerett ens No INONG 2s Saree Neg 
Xa Ba Se cc emote S Rector rercirces ote 20-1.. ty Rt a = traces heres te PAD eatonita foes INO pars aceraceteie ah No None.. ..Neg 
TH, 5 RRO ETR OF SR.. Qe Drea ner eer os 20) eieyeccuttes ate 3 (OOO aeeticlaete - GOOMRE as cto No Ae) eee pics aos None ..Neg 
edt Gee eter ee tate SR acer 6 26-2.. Ore etsy es =e LL aCe Mirman tet. 23 SO chore tah ee INO i iaisy vieteceis ex: No. None ..Neg 
Be ie Bee evs ences i, SOR SEER cans QRS feb ice cies nuers PRs auras — it Pace cavareeets erate 60 Sy eA ILD WOms sites itn eae None kaike 
BO rare sWecaveyet hd ¢ Se ae et 31-4 ate ten. = S000 tee. oe 112 ..No. eo) Wikeettraar eerie, okey aba Notes, tenes Neg 
Saintes sete artes SR Be DO ae avataiaaiie see a + US eee sn ste et RA OOO err, cern ear 156 MON OS sy crscaiee Coven No.. None.. aos 
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* A trace corresponds to about 4,000 amps. 
{ One of these flashovers caused tripout No. 11. 


** Stroke probably occurred to open line between towers WT 28-3 and 28-4. 
No estimate of location could be made because of a lack of residual current. 


ft Counterpoise installed. 


WT—Wallenpaupack tap; SR—Siegfried-Roseland line; see text, ‘‘Description of Line.’’ 


SI—Indicates surge indicator operation but no flashed insulators. 
Note: 


IR X 10-3 is the product of columns 4 and 5 divided by 1,000, and represents apparent kilovolts across the tower footing resistance. 


Flashover can occur 


(a) when the line conductor is struck, and (b) when the tower or overhead ground wire is struck and the produet IR X 10-3 combined with the impedance drop 


(in kilovolts) through the tower structure exceeds the flashover strength of the line insulation, or between 1,400 and 2,200 kv. 


conductor to tower and in (b) from tower top to line conductor. 


be classified positively as having been caused by 
direct strokes although a judicious classification 
yields results probably not far from the truth. 
During 1933, some additional information was ob- 
tained from the surge crest ammeter. 

To present in detail the large amount of data 
obtained is obviously impracticable. In general, 
records obtained since 1930 are similar though more 
numerous than those shown in Table V of the 1930 
paper.’ Existing records are summarized in Table 
i 8 Fe 

Corresponding to the 105 lightning stroke records 
obtained during 1933, there were 32 surge crest am- 
meter records. One reason for this small number of 
records is that the lightning stroke recorder responds 
to influences other than impedance drop resulting 
from direct strokes, whereas the surge crest ammeter 
is affected only by current. Another factor is that 
the latter devices were not in service as long as the 
former, nor were they serviced as frequently. Of 
the 32 records obtained, 30 have been correlated with 
lightning stroke recorder registrations. The re- 
maining 2 records are associated with lightning 
strokes that yielded no lightning stroke recorder 
records. This peculiar characteristic of Lichtenberg 
figure cameras occasionally failing to yield a record® 
has been observed for some years though the reason 
is not known. In these 2 cases, insulators were 
flashed and line tripouts occurred. Surge crest am- 
meters in each case yielded records of 12,000 amp, 
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In case (a) flashover occurs from line 


Items 13-18 and 20-21 apparently are examples of case (a) and items 11, 12, 19, and 22 of case (b). 


negative. Table IV shows the excellent correlation 
between polarity of records from the 2 devices. 

Surge crest ammeter records from the Wallenpau- 
pack-Siegfried line have ranged in value from a trace 
(about 4,000 amp) to 41,000 amp. (Records of cur- 
rents as great as 63,200 amp’? have been obtained 
from the Glenlyn-Roanoke, Va., 132-kv line of the 
American Gas and Electric Company.) Table V 
presents detailed data and correlating information. 


COUNTERPOISE AND FOWER GROUNDING CABLES 


It has been mentioned that the counterpoise has 
effected an enormous reduction in tower footing re- 
sistance, and that about 50 per cent reductions have 
been obtained with tower footing grounding cables. 
Of more importance is the fact that no flashovers 
have occurred on the counterpoise section of line 
since the counterpoise cables were installed. Light- 
ning severity data from High Knob previously shown 
indicates greater than usual lightning severity in 
that region. Prior to the installation of the counter- 
poise, 13 towers had been flashed over in that short 
2.6-mile section. At least 2 of these occurred after 
overhead ground wires were in use. 

The record of the tower footing grounding cables is 
not quite as good. Four towers have been flashed, 
resulting in at least one tripout. Nevertheless, the 
performance appears to have been improved, as 
Table VI shows. 
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LINE INSULATOR FLASHOVERS 


Table VII lists the numbers of towers on which 
insulator flashover has occurred; these are desig- 
nated as flashed towers. Usually, the flashover in- 
volved but one phase to ground. This compilation 
shows that from 85 to 95 per cent of all flashovers 
have occurred on the open sections of line and that 
on a comparable mileage basis, only about 11 per 
cent as many towers have been flashed on the sections 
protected by overhead ground wires as on open line. 
— Table VIII compares the numbers of flashed towers 
with the numbers of flashed insulator assemblies and 


Table Vi—Results of Wallenpaupack-Siegfried Line Better- 


ment 
Flashed 
Towers** Tripouts 
No. per 100 per 100 
No. Line Circuit Circuit 
Towers Trip- Miles per Miles per 
Line Section Miles Years Flashed outs Year Year 
Counterpoise (1929-33)..... ZOD nei Onge, (OF seep OF mi a yard 0 
Diverting cables (1930-33)... 3.7 ..4 Sack Ole keci Oe ety OL crt as 0 
Tower footing grounding 
cables (1930-83)......... DY eA SF ile OO ear Rye FeO eee g ant ihe 
Standard overhead ground 
wires (1927—29).......... DOE dy Oa ne Lae tS: nie OVOl mn. eee 5.5 
Open!line (926-33). tees ee DSTO MOTs me COLER lm n i OOn Olean 24.8 


* Approximate values. 

** A flashed tower is that on which one or more insulator assemblies has flashed 
over, and which may have involved 1, 2, or 3 phases. If the same tower was 
reflashed later it has been counted as 2 towers, and so on. 

{ Only 4 of these 5 items can be charged to failure of the tower footing grounding 
cables, and the figure of 4.8 is on this basis. Tower footing resistances were 13 
15, 34, and 56 ohms. 

t Only one of these 2 items can be charged to failure of these cables, and the 
figure of 1.2 is on this basis. The tower footing resistance was 13 ohms. Surge 
indicator operations occurred at this and 2 adjacent towers and lightning stroke 
records at this and the next tower. 

Nore: The extra flashed tower and line tripout is included in the open line data. 


surge indicator operations, and indicates that most 
flashovers involve only one phase. 


LINE TRIPOUTS 


Table IX lists the numbers of tripouts that have 
occurred on the open and overhead ground wire 
sections of line, as well as those the locations of which 
could not be determined with certainty. Of the 143 
tripouts listed, the exact location of the fault and 
the number of circuit phases involved are known in 
72 cases. Table X shows the numbers of phases in- 
volved in these tripouts. 

Records from other 220-kv lines equipped with 
overhead ground wires involving 18 more tripouts 
show that the proportional numbers of faults affect- 
ing 1, 2, and 3 phases are 68, 23, and 9 instead of 50, 
25, and 25 as shown in Table X; this demonstrates 
that for horizontally configurated lines of these 
types single-phase faults are in the great majority. 

Magnetic oscillograms have been invaluable in 
several respects. One use has been to facilitate 
estimating fault location’! when the fault involved 
only 1 or 2 phases and residual currents were meas- 
ured. Other uses have been to show the phase (or 
phases) involved in a flashover, changes in current 
magnitude and direction of power flow, times of relay 
and breaker operation, and the few cases where 
single-phase-to-ground arcs changed into 2-phase-to- 
ground arcs. Table XI shows the segregation of 90 
tripouts on the 220-kv Pennsylvania-New Jersey inter- 
connection (of which the numbers of phases involved 
and actual locations are known) into those involving 
1, 2, or more adjacent structures. 

It has been shown previously that most faults in 


Table VII—Flashed Towers* on the Wallenpaupack-Siegfried Line 


Year No. per 100 
Per Circuit Miles per 
Construction 1926 1927 1928 1929 1930 1931 1932 1933 Total Cent Year 
Ovenheadser ound) witer ts 41 vee olctelosiersls ea chee ty 25 amie rus) cet) ote he OMe Bh ihe Pek 42 3 Sig Suysauelene ees yates eee RS one Gre Rect re On ORR tte 9.3 
Ovarsay Vratair’ 6 boa ids ARE lowton Geeiceic arn Gener Cen TS rer Boe sas a ie emer (i Ate AD Wee s OO acca Loe D5 eiepeiaies 2OSs woe SS Qi ua tener. 82.8 
WO MONE avereseniedena etek es sears: hie Sel sep apes aantadnee eyes ae erate sis Ut a SRP PY APES Ofer eeR Oe slike Oey Peaee ORE Ose nos Ro eee ales to Tie Halbert th iar asc 


* Towers on which one or more insulator assemblies have been flashed. ** Average mileage, 6.5 years, 28.3. + Average mileage, 8 years, 43.5. 


Table VIlI—Flashed Towers and Insulator Assemblies, and Surge Indicator Operations on the Wallenpaupack-Siegfried Line 


— 


Year 
1926 1927 1928 1929 1930 1931 1932 1933 Total 
HU ASH CARLOW CLS hesitate cAI are Raciats ore Riter Ia cMc en enle ote Wicy ic) vo Roe iceane pe chontees ke Do ed ed ke 15 OO; ceed Oli: Mare: Ets 5 aaah By Pees sae We acemats 265i eak 338** 
ilashedeitisitlatorm assemp les mia, oatudbel secordtersraseqsuats wdevensteine sen chige tcpemu hice uteaemtts DA ees, 25ers 1287 ce DOG ates SOF heey SSiris DD ces BE ices 417** 
SUE CAtOn OPCLAtiONs were) «/ph Gives uagsuchote cutee aes cpallaus Sites eteecie operat ss tin oe ccna eey ee cs eee ee AEE pi rteet ee ee even eee gabe ies ee Paes Bier a gas BO ines. O6n ee 192** 
* 29 flashed towers and 34 flashed assemblies correlate with the 38 surge (flashover) indicator operations. 
** 109 flashed towers and 128 flashed assemblies correlate with the 192 surge (flashover) indicator operations. 
Table IX—Tripouts on the Wallenpaupack-Siegfried Line 
Year Average per 
100 Circuit 
Construction 1926 1927 1928 1929 1930 1931 1932 1933 Total Miles per Year 
OV ETHCH. et OUNCE Wiki cha tet, mone At are Soe 8 Ginse sears eos, ee one citer ease Oe cates Lee Teen he ees Ones 1B ccry Ble OMe cat Aaa nates 2.2 
IPC UIT ERAT Ah eee ee Nae Erin eet taka cod sonar trend coat ats oye id host Fe peyra.3 Ae fa PISO HOT LOS eae 14 yews 20 er eins Wisarin ate LSisee ae 87 saeeieh oe oe 25.0 
ROE ITO WE yc)5, cess. w ceeuate Ca tre ever oieay Ma vekehere uke crepe a ee sev cicla ota s, 9 hata eee opiee Oe eee B Spe ect 1B Pee ie. Yee Os nrsue OMe reeds OFe Ps Date, here Zia, eseysie inl aieie crane 
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Table X—Phases Affected in Tripouts on the Wallenpaupack- 
Siegfried Line 


Overhead Ground Open Line 
Wire Section Section Total 

No. of Faulted SSS 
Phases No. % No. % No. % 
Meet eretenai ae sinc sottaishe etapeiey TOO lays.e estas ae ereee ad SL Sancieskes STA 79.2 
ACR fellas tte Lace a LO narn ees oes Um iesncatete LOS cercrs ie Sie iba 
Ren TA stetaTerercreR er erene Lan eroatede iO ial hee hd sits Gratin Oe te (hs tan 9.7 
Otal ea ceye ca. in (eee LOOM tires. (heh vote aitho COs etloes ane Cte, ESS 100.0 


* Although at least 87 open line tripouts have occurred, only 68 have been posi- 
tively located. 


Table XI—Phases and Towers Involved in 220-Kv Faults 


220-Ky Tripouts 


Overhead Ground 


Open Line Section Wire Section* 


Number Per Cent Number Per Cent 


COtalee erties ais. Parutarcbs arent i Pe coh ese era oe GS ieee 

Single-phase | involving 1 structure......... Orem eer DOM 12° eee 54 
faults involving 2 structures........ Sali eelepsreters 465 ot ai.xe RS an 9 
more than 2 structures....... ESO A Giaeminnss | Pidomon ee 5 

: (POLE SHB WSOC OOEMCIICID Oe Sh tenets LO) eran es: ee ie Saas 
as {vate 1 structure......... 4sei..- Cre ie Mea 32 
more than 1 structure........ Oaks LSet ass Oa Sacer 


68. .68..100..100. .22. .22..100..100 


* Only 4 of these 22 tripouts occurred on the former Wallenpaupack-Siegfried 
line. 


volve but one phase conductor. Table XI shows also 
that when overhead ground wires are present, most 
of the few faults involve but one structure; but when 
they are absent, most of the large number of faults 
involve 2 adjacent structures. The 22 tripouts on 
sections of line equipped with overhead ground wires 
occurred over a 6-yr period (1928-33) on 241 miles 
(average) of circuit, whereas the 68 tripouts on lines 
not so equipped occurred during the same 6-yr 
period on 38 miles (average) of circuit. Reduced toa 
more comparable basis, there were 29.8 tripouts 
(average) per 100 circuit miles per year on open line 
and only 1.5 on line equipped with ground wires. 


TOWER FOOTING RESISTANCE 


It would be very helpful if the secret of how much 
and why tower footing resistance affects the opera- 
tion of transmission lines could be made clear. Re- 
sults usually are masked by many other effects, such 
as insulation strength of line, clearances and con- 
figuration of ground wires, season lightning severity 
and variations between routes of different lines, 
whether or not the resistances were measured with 
overhead ground wires disconnected from and 
insulated from the tower under measurement, pres- 
ence of special grounding networks such as a counter- 
poise, and other factors. Overhead ground wiresalone 
reduce frequency of flashover very greatly and the 
reason for the few remaining flashovers becomes 
difficult of solution. Assuming that the overhead 
ground wire has intercepted a stroke and is attempt- 
ing to conduct it to earth, the suggestion has been 
made that flashover results when the product of 
structure current and tower footing resistance ex- 
ceeds the insulation strength of the line. -’The prob- 
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Fig. 2. Tower footing resistance and flashover 
data for the Wallenpaupack-Siegfried 220-kv line 
during the 5-year period 1929-33 
*A flashover involving one or more phases of one tower is 


counted as one flashed tower; if reflashed later, it is re- 
counted 


lem is not as simple as that, however. It is evident 
that complications are introduced by surge wave 
front, reflections from tower top and tower footing, 
tower and ground wire impedance, and other fac- 
tors; further complications result because of un- 
certainty as to how much the tower footing resist- 
ance at the time of a stroke differs from the ordinary 
“meggered”’ value, and because of the small amount 
of structure current data available. 

Data on flashed insulators for 5 years have been 
employed to indicate the effect of tower footing 
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resistance on this line. Resistances were measured 
by megger with ground wires disconnected from the 
tower under test. Figure 2 is a tower footing re- 
sistance chart of the former Wallenpaupack-Siegfried 
line on which are represented by dots opposite the 
corresponding tower footing resistances, the total 
number of towers, the number of towers that as yet 
have not been flashed, and the number of towers on 
which flashovers have occurred. Towers that have 
been flashed 2 or more times are represented by a 
corresponding number of dots. The data in this 
form, although complete, do not give a clear insight 
into the effect of tower footing resistance; however, 
it can be seen that few overhead ground wire structures 
have been flashed, and that few open line structures 
have not been flashed. An inspection will reveal also 
that none of the 36 overhead ground wire structures 
having resistances less than 13 ohms ever have been 
flashed. Of the 19 such structures not equipped with 
overhead ground wires, 14 have been flashed, some 
several times, making a total of 25 flashovers. 

A more complete idea of the effect of tower footing 
resistance can be obtained from Fig. 3. This chart, 
which is derived from the complete data of Fig. 2, is 
composed of dots each one of which represents 4 
towers of approximately the same footing resistance, 
beginning with those of lowest value. The ordinate 
or height of a dot represents the number of flashed 
towers in that particular group. Since in this chart 
the ‘‘location factor’”’ is fairly well averaged out, it is 
reasonable to conclude that in time each group of 4 
towers will have been equally exposed to lightning, 
and differences in the number of flashovers that will 
have taken place will be a measure of the differences 
in the effectiveness of tower footing resistance in pre- 
venting flashovers. 

Figures 2 and 3 represent 5 years’ data. It may be 
seen that for the open line section, although random 
variations exist between different groups of 4 towers, 
there is no indication of any fundamental difference 
between towers of high and low resistances. All towers 
are equally vulnerable, which is to be expected, since 
tower footing resistance is not part of the lightning 
circuit until after flashover has taken place. 

For the overhead ground wire section of line there 
are marked differences in vulnerability between 
groups of towers. Those having footing resistances 
of less than 13 ohms so far have been immune. 


TOWER FOOTING RESISTANCE — OHMS 
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NUMBER OF FLASHED TOWERS 
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OVERHEAD GROUND WIRE SECTION 
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fo) Ree HAA Lt NZ TY 
° 20 40 60 80 100 120 140 160 


NO. OF TOWERS 
Fig. 3. Tower footing resistance and flashover data 
of Fig. 2 plotted in curve form; each dot represents 4 
towers of approximately the same footing resistance 


1194 


Those having resistances of more than 13 ohms are 
flashed occasionally although for resistances of less 
than 60 ohms not more than 1 tower in 4 is so char- 
acterized; between 60 and 118 ohms this number is 
increased to 2. The curve of these data shows that 
above 13 ohms there is a slight increase in vulner- 
ability as resistances increase. 

Similar data!? from South Africa have been ar- 
ranged by the writer into a chart similar to Fig. 3. 
These data show more clearly than the Wallenpau- 
pack-Siegfried data the increased vulnerability of the 
higher resistance towers and the existence of a maxi- 
mum safe value of tower footing resistance. For 
the Victoria Falls-Transvaal 132-kv lines, this value 
is 6 ohms, compared with 12 ohms for the Wallenpau- 
pack-Siegfried 220-kv line. Between 7 and 24 
ohms the maximum number of flashed towers per 
group of 5 towers is 1; above 24 ohms this number in- 
creases to 2 and ultimately to 3. 

Figure 3 is presented not as a solution of the prob- 
lem, but to stimulate more interest in the subject. 
It has been shown that of 2 lines of approximately 
similar construction and length, but having different 
average tower footing resistances, the one having the 
lower resistance will have a correspondingly better 
flashover and tripout record.’ A study made by the 
writer on several pairs of lines of different voltage 
ratings and locations, suggests that the reason low 
resistance lines show improved performance is in the 
increased number of towers having resistances less 
than a “critical value’ for the particular type of 
construction involved. Apparently for 3 pairs of 
medium voltage lines having one overhead ground 
wire, the critical resistances range in value from 2 to 
7 ohms, whereas for a 230-kv line the value may be as 
great as 32 ohms; for the former Wallenpaupack- 
Siegfried line it appears to be about 12 ohms. 
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Lightning Performance 


of 132-Kv Lines 


Lightning performance of the 132-kv trans- 
mission lines of the American Gas and 
Electric Company during 1932-33 is re- 
ported in this paper. Analysis of light- 
ning performance of these lines, records of 
which have been kept for the past 9 years, 
has resulted in definite progress being made 
in understanding the lightning problem and 
also in definite conclusions regarding many 
aspects thereof. 
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/ Neate the first 132-kv line on 
the present 132-kv network of the American Gas and 
Electric Company was placed in service in 1917, 
not until the lightning season of 1925 when 4 addi- 
tional lines were in service did the importance of the 
lightning problem to the successful operation of such 
lines become apparent. The destructive effects on 
one of these lines that year already have been re- 
ported.! From that time on a careful record of the 
lightning performance of all lines on the 132-kv 
system has been kept yearly, studied, and corre- 
lated with pertinent features of the lightning prutec- 
tive problem as applied to transmission lines. 
Analyses of these records have been presented to the 
Institute in the past? * + * & 7 in the light of the 
knowledge, theory, and opinions on lightning preva- 
lent at the time. It is the purpose of this paper to 
present and discuss the operating performance 
under lightning conditions during 1932 and 1933 of 
the lines of this 132-kv network which now comprise 
some 1,450 miles of tower lines. 


TRANSMISSION SYSTEM 


The extent of the 132-kv network, country tra- 
versed, and type of construction, which have been 
described before,> were practically the same in 1932 
and 1933 except that the single-circuit lines 8, 9, 
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and 10 (Table IIT) were double-circuited during most 
of the 1933 lightning season. All the lines, except 
60 miles of wood pole line, are of steel tower con- 
struction; all steel tower lines are equipped with 1 
ground wire at the tower peak, and a few with 2 
ground wires. 

A general summary of the types of lines is given in 
Table I, the 60-cycle and impulse flashover voltages 
of the insulators in Table II, and more details con- 
cerning each line and their detailed operating per- 
formances in Table III. 


LINE OUTAGES AND LIGHTNING STORM DATA 


Line outages for the various classifications of lines 
are given in Table IV, and have been plotted to- 
gether with lightning frequency and severity in Figs. 
land 2. Lightning frequency is the yearly number 
of storms reported at 8 stations distributed over the 
systein; lightning severity is the visual classifica- 
tion of storms by observers at these stations. 

Outstanding features regarding outages (Table 
IV) are: 


1. Outages on this system, averaging 10.6 to 12.4 per hundred 
miles of line per year, were practically the same for single- and 
double-circuit line during 1982 and 1933. This record differs from 
the situation in 1928 to 1931® when for the first 2 years 2-circuit 
outages were the greater, and for the second 2 years 1-circuit outages 
were greater (all on 100-mile-per-year basis). 


2. Lines equipped with 2 ground wires had about 80 per cent of 
the outages experienced by lines with 1 ground wire. 


3. Wood pole lines with no ground wires had approximately 50 
per cent more outages than steel tower lines with ground wires. 


4. Steel-tower ground-wire lines insulated for 132 kv, but operated 
at 33 to 44 kv, have in the order of 60 per cent of the outages of simi- 


Table I—Miles of Line of 132-Kv Construction Operating 
on the American Gas & Electric Company System in 1933 


Linetrightiof sways cnc noncessteuorareis kchereiatere crete oreo Mem eee 1,457.2 
Sap lrase Cir Cis ts si aire eee ow ace a hatacedcbol hor eve nua ate toe etn ee ee 2,484.4 
2-Circwit WML. 6 sac ase d ec at tees oe. oe STAD Sore RE eS 1,027 .2 
Tecircwit line ss aie aes een tare eee Re 430.0 
Wood: pole ines 2. de oteieists hase stone one eee 60.3 
Lineswith lV srouatid Gwite oo yc.y seit siansicn ota ss eee 1,247.0 
Line with) 2: sroritid: “wires .cstiars) site chen at eieucs ue eens 149.9 
Line with no: cround «wire pe b.. vrs wastes ae nee cn ae 60.3 


Table II—Approximate Flashover Characteristics* (Kv) of 
Line Insulators 


Minimum 


Insulator Units 60-Cycle Impulse Values 


No. Spacing (In.) 


Dry (Crest) 1x5-yusee Wave 11/2x40-ysec Wave 
NO Se. omerncin bree? BS go Ry ateseusne setter G4 OS. eoecenexs SSO ir sad come icke 680 
WN So eaeede uote suerte Belg. Hee raed eres TOO AA eer QSOQn erase 750 
pV aie tee, a Soe oos Soe GIG es: Bens loo fe TSO rc Le OSOM Nee erm ces 830 
LOM ae ees con ee GOUT ls CERES R SS ee GSO): Seacass: O50). cxnsteceen 730 
ai Wee tec, Aukois Ene SEIS Perio Roe slo. lod (ChOS SS oon x 115) | ee ee 810 
1 See RT Ce: 5 l/s ndadrerete se ame SSO Wea sche Peto ae oe 890 
Oh Fi en teh ent Picltags Bee okenet ante tears GSO Ree ere O50. ree soe 730 
LO eee eod seem Aen ee eee. 7A UR geen POS ete eas tet Berets 860 
LDA pote oxscetatene 52/1. Bbisites. plea SOS aces L250 neater eae 1,025 
WO jstetats andar eac-cunacyins (LACH Beane ao conto G DOO ee cans L400 sen cae tel 1,070 


* Based upon “‘Flashover Voltages of Insulators and Gaps,’’ ELecrricat En- 
GINEERING, June 1934, p. 882-6, and effective spacing one unit less because of 
grading shields. 

t No grading shields used. 
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1932 LIGHTNING PERFORMANCE 
Tripouts - One Circuit Only 
Both Circuits 

Damaged Insulators (Towers Affected) 

) Conductors i ‘4 
Burned Arcing Rings “ # 
Total Cases of Damage (Towers affected) 
Cases of Damage per Line Outage 
Lightning Storms Reported per Year 
Lightning Storms per Line Tripout 


1933 LIGH TNING PERFORMANCE 
Tripouts - One Circuit Only 
Both Circuits 
Damaged Insulators (Towers Affected) 
L) Conductors 
Burned Arcing Rings s 
Total Cases of Damage (Towers Rireetea) 
Cases of Damage per line Outage 
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lar lines operated at 132 kv. Similar better performance is shown 
on the one line operated at 66 kv, although in 1932 the outages were 
abnormally high because of several flashovers on the graded section 
of this line which should not be included in the over-all line per- 
formance. 


The salient characteristic of line performance 
brought out in Figs. 1 and 2 is that line outages vary 
in unison with both the total storms observed (light- 
ning frequency) as well as the number of very severe 
storms only; they do not correlate with either the 
number of /ight or severe storms alone. 


Two-CIRcuIT OUTAGES 


The use of 2-circuit lines as a means of improving 
continuity of service in our 132-kv network, until a 
year or so ago, has been fundamental. Two-circuit 
outages caused by lightning on such lines are shown 


in Fig. 3. These outages steadily increased from 
40 
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Fig. 1. Line outages on the transmission system of 
the American Gas and Electric Company compared 
with lightning frequency (per cent of average) 
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1926 to 1932 as the system capacity grew and as the 
transmission system was extended through moun- 
tainous lightning-infested territory, rising from 15 
per cent of the total line outages on 2-circuit lines in 
1926 to 43.5 per cent in 1932. During 1933, how- 
ever, these 2-circuit outages showed a decrease to 
38 per cent, although 1933 was a worse year than 
1932 in total storms and severe storms recorded, and 
also in total line tripouts. 

This better 2-circuit performance in 1933 has been 
attributed to 3 causes: (1) The introduction of 
carrier current relaying to some 2-circuit lines thus 
eliminating some outages that may have resulted 
from through line fault currents; (2) the extensive 


application of high speed circuit breakers which 
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he American Gas and Electric Company 
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sometimes probably cleared the trouble on one cir- 
cuit before it could be communicated to the second 
circuit; (3) the application of expulsion protective 
tubes to one 2-circuit line, for which the records 
show that in at least 3 instances the protected circuit 
cleared the line of lightning without circuit interrup- 
tion. 


EFFECT OF TOWER FOOTING RESISTANCE 


Benefits of low tower footing resistances in re- 
ducing lightning flashovers of lines having overhead 
ground wires have been discussed in the past on 
theory, and investigated to some extent by analyzing 
operating experience. The 2 years’ operating record 
presented here gives supporting data to existing 
evidence. 
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Fig. 3. Per cent of 2-circuit outages of 2-circuit 
lines during 1926-33 
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The effect of low average tower footing resistance 
on line outages isshownin Fig.4. The drop from 30 
outages per year to 8, as the average tower footing 
resistance falls from 80 to 5 ohms is too definite to 
be anything but conclusive. Although the plotted 
points are somewhat scattered, as might be ex- 
pected from the different types of territory and 
variety of soil involved (the record covers 4 years’ 
experience on 15 different lines), the trend in reduc- 
tion of outages is clearly defined. 

The magnitude of tower footing resistance re- 
quired to make a line practically lightning proof 
has been much discussed, but rarely stated with any 
assurance; 10 ohms and 5 ohms have been mentioned 
as possibilities. Some light may be thrown on this 
by the data presented in Fig. 5. Here it is shown, 
that of the 86 towers flashed over in 1932 and 1933 
on 5 typical lines, 57 per cent had a footing resistance 
of 10 ohms or less, 44 per cent 5 ohms or less, and 10 
per cent 1 ohm or less. 

While Fig. 4 shows the benefits of low tower foot- 
ing resistance in reducing line outages, it is clear 
from Fig. 5 that tower footing resistances in the 
order of 5 or 10 ohms have little prospect of rendering 
practical conventional 132-kv lines of the type de- 
scribed herein lightning proof, but undoubtedly 
will make them more lightning resistant. Further 
analysis of Fig. 5, given in Table V, shows that 


Table IV—Outages per 100 Miles of Line (Right of Way) 


per Year 

1932 1933 

Totalilineroutages Mea tic See me eee OA Neste akole She enoraivt dawson 155 180 
Average: all limes ys e.stes.c est eteteie aby lieve sues Sv tease vse ols reisieysi es whee 10.6 12.4 
QCIF CUE LINES, Pe STOUMNG. Wile erate hctene nich ote w Wieteirate (67s cata ota vaveli ora foros 10.1 12.2 
Jecircuit lines; liground :wikeris anita ce cares oat emeteicisloniatereis 11.5 12.6 
Lines: with-single. ground <wires does clcetrc ate «olrteis eee wii cce tec leabes 10.7 12.4 
Tines swith 2s crown swares erche tates areiavorste 2/0 ataletele oNousdercteuaebsisi ete bakees 8.8 9.4 
Wood poleiines; nolgroutde wifey. .0 cle slave o/s overs) ols) ele eieyelel ele sie eine 14.9 18.2 
Lines insulated for 132 kv, but operated at 33 and 44 kv.......... 5.7 9.1 
Lines insulated for 132 kv, but operated at 66 kv............... 14.1 7.0 
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Fig. 4. Extent of tower footing resistance on line 
outages (4-year average on 15 lines, 1930-33) 


LINE OUTAGES PER 1I00 MILES OF LINE PER YEAR 


considering the 86 flashed towers and one tower each 
adjacent, in 31 per cent of the cases the tower having 
the lowest resistance flashed, and in 37 per cent of 
the cases the tower having the highest resistance 
flashed. 


COUNTERPOISE PERFORMANCE 


On sections of 2 lines where the normal tower 
footing resistances were high, counterpoises were 
installed as previously described.* These line sec- 
tions were too restricted in extent and have been 
in service too short a time to enable comprehensive 
conclusions to be drawn regarding the benefits of 
counterpoises in general. Observed flashovers on 
these line sections, however, have decreased since 
the installation of the counterpoise wires, as indi- 
cated in Table VI. On the Glenlyn-Roanoke (Va.) 
line, which in the past has had a bad lightning record, 
flashovers on the protected towers were reduced 
more than 50 per cent; on the Deepwater-Pleasant- 
ville (N. J.) line the reduction was 70 per cent. 


LINE DAMAGE 


Records of these lines since grading shields were 
installed, as in the past, show no serious damage to 
conductors, insulators, or hardware. No line has 
been out of service because of its inability to be placed 
back into service. The summarized record is shown 


Line 


Table W—Towers Flashed Over on 4* 132-Ky 
1932 and 1933 (Refer to Fig. 5) 


No. Per Cent 


Total towers flashed over (at insulator assemblies).............. 86 100 
Towers flashed over where footing resistance was lowest of 3 con- 

secutive towers (considering 1 tower each side of flashed tower) . .27 31 
Ditto, highest tower footing resistance! .. 6... deta sec eee vee 32 37 


* Philo-Canton, Rutland-South Point-Turner, Roanoke-Roxboro, and Turner- 
Logan lines. 
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in Table VII; of the flashover marks observed 
(number of towers involved) 75 per cent was found 
on grading shields, 22.8 per cent affected conductors, 
and 29.5 per cent involved insulators. These per- 
centages, while an average for the 2 years, are almost 
exactly the same for each year individually. The 
lesser number of observed flashovers in 19338, al- 
though a worse lightning year than 1932, is probably 
because complete inspections of all lines after the 
1933 season have not been reported. 

The ‘‘towers flashed over per line outage’’— 
numerically 1.54 in 1932—seems to indicate that, 
on the average, in about 50 per cent of the cases the 
lightning disturbance has affected 2 towers. The 
corresponding figure of 0.84 for 1933 has been dis- 
counted because of the lack of complete line inspec- 
tion, as indicated in the preceding paragraph. 


PHASE LOCATION OF LINE FLASHOVER 


An analysis of the positions on the towers of con- 
ductors on which flashovers have occurred gives 
results that are interesting to interpret in the light 
of both lightning protection to the line and system 
stability as affected by single or multiphase faults. 


Table Wl-—Flashovers on Counterpoise Sections of Line 


= 


Towers Flashed Over 


No. of Before After 
Towers With Counterpoises Counterpoises 
Line Counterpoises Were Installed Were Installed 
Glenlyn-Roanoke 132 kv..... 4 aes 6.2 (yearly avg)..... 3.0 (1 yr) 
Deepwater-Pleasantville 
132/ G6vkv Samet ose. os NOOR e ye 5.0 (yearly avg)..... 1.5 (2-yr avg) 


Such an analysis has been made for several lines, 
using 2 methods: first, by flashover marks observed 
on tower climbing inspection on 5 lines (Table VIII); 
and second, by automatic oscillograph (Hall recorder) 
recording line voltage at a cardinal point on the 
system, thus observing line performance over a large 
section of the system from one central point. 
Records obtained by the latter method are sum- 
marized in Table IX. 

Inspection at flashover locations (Table VIII) 
shows that, for the 2 years, the top conductor only 
was affected in 54.3 per cent of the cases, the middle 
conductor only in 15.5 per cent, and the bottom 
conductor only in 13.38 per cent, making a total of 
83.1 per cent of faults involving one phase only. 
Of the remainder, apparent 2-phase flashovers ac- 
counted for 12.9 per cent and 3-phase faults 4.0 per 
cent of the total. These results are very similar to 
corresponding records of 1930 and 1931° where the 
figures were 86.4, 11.3, and 2.3 per cent, respectively. 

Corresponding 1932-33 records of (Table IX) 
faults, as obtained graphically over about 1/3 of 
the system, showed 77.0 per cent single-phase faults, 
13.4 per cent 2-phase faults, and 9.6 per cent 3-phase 
faults. The 3-phase fault data here probably err 
on the high side as nearly all were interpretations of 
oscillographic records of line disturbances where 
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little voltage drop was recorded, and the faults 
were remote from the points of observation. The 
1930-31 record in Table IX obtained on one line 
close to an automatic current recording oscillograph 
showed only 6.6 per cent 3-phase faults, a figure 
which is probably more trustworthy, and more in 
line with the record obtained by physical inspection. 

While diverse interpretation of the data in Tables 
VIII and IX may permit the justification of any 
existing theory of how lightning gets on the lines 


Table Vil—Line Damage 


mower lashovers) (insitlators) sec clectec/oase a Seaver dae tiene avgevdyntecss a 
RMowersewitheburned CONGAUCCOLS. sen. e se stieie vies bole wre CO sar 31 


Mower flashovers: (grading shields) 3....s....42.00. «crs oh ce ISL eh ce 111 
Ebotal’ flashovers: (towers affected)... ccs 64 eye cies ew ecw ceines pe, eer, 149 
PRotal line flashoversnrcc-.% serene ol als ieearaile sia male otete w aietel ieaneeed IST. 180 
Flashed over towers per line outage............ccce cece canes LiGd lan ee 0.83 


of this system, there seems to be no evidence, from 
the data, that any one theory can be set up to the 
entire exclusion of any other. One outstanding 
point is the record of single-phase faults on middle 
conductors of vertically configurated lines, which 
comprise 15.5 to 25 per cent of the total faults. 
Similar past records®® give results of the same 
order. It is clear that 2 ground wires—the normal 
ground wire, together with the top line wire (con- 
sidered a ground wire for flashovers on the middle 
phase only)—with the conductor configuration em- 
ployed on these lines, does not give complete shield- 
ing from lightning. 

One interesting point brought out by the oscillo- 
graph records (Table IX) is that 7.8 per cent of the 
faults that start as single-phase develop into 2- 
phase faults; and 1.6 per cent of faults starting as 
2-phase develop into 3-phase faults. 


APPARATUS DAMAGE 


Although station apparatus is not part of the lines, 
the operating record of such apparatus under light- 
ning conditions is associated so closely as to be of 
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formers failed at stations equipped with lightning 
arresters, and graded insulation at line entrances. 
During 1933, there were failures of one power trans- 
former where no lightning arrester or graded insula- 
tion existed, one lightning arrester (reduced to 50 
per cent) but without other failure in the station, 
one cable capacitor, and an insulator on a lightning 
arrester. 


SUMMARY AND CONCLUSIONS 


Analysis of data presented in this and previous 
papers on the same 132-kv system, leads to the fol- 
lowing conclusions: 


1. Very definite decrease in lightning outages of transmission lines 
is effected by the use of a ground wire; a reduction in the order of 
380% being indicated for 1932 and 1938. 


2. Low average tower footing resistance of a line is productive of 
low lightning outages. Below 10 ohms the reduction is very pro- 
nounced. 


3. Flashovers occur even at towers having low footing resistance; 


interest. During 1932, 2 large 132-kv power trans- low resistance reduces outages but does not eliminate them. 
Table Vill—Location of Flashed Over insulator Assemblies by Tower Climbing Inspection 
1932 1933 
T& T& B& T,M,& T& T& B& T,M, 
Line T M B M B M B ay M B M B M &B 
LOT CH CARE, 6 oBbdouuadco7 on Ocoee ono rmos Dee ctre Up re eee ON erarerey ted: De oeticWoo gd 20 eadopnt 6 5 al 0 360) Ole ee Once. 
FATTO OT CO MD OLO Te Creer ren iat Velone Sen ae nas ste eet n to eReMers fe lelotlone foie forel'sjiossis/afis eve aitexofeln obsl's) sferserefel(sJisz 2 5. te) ote 4 ee eee nO 
PhiloRutlaid-SOs Outs oer. ors fetavayers oie ele ele te cles = Te eee OL aon iea.oin'e: gl nelly Paystei| Ol irereree Al ctmeatsreopene 11 5 ail sal nO) se OM acxisenO eNeEeO 
Pi tlo= FLOW aLr iter ferstne tonsil el <revelete ter alevelietsitetat0r7s1.01, Oe ha AU ome? otro. crn A! eae Oni G jet Olgere ee deere ayers 3 mee qi! Hat) wel 1. 08.550) 
PIMTTST ly OS AM totateysteusiwielonaienc ele saierelsieselst elie. s,.01.e1 Sales Omen iO mernayet en SL OU peo enere whe ait 5 ee me! val: aa] nO See. 
PROtalsunestedarenetedeacter a) ayeiielel shee elalet eiieiolfetede!-c¥ sheers Ee Boke Al) 6a 4 1 pte ob 6 0.0 P etiuhic.c 6 26 ..14 sot K) 4a 50. die Oe 
WETS Yon on6 oo Good DoD eEaC DOD OToOoeRocon (Gieecoo REO} Mirtrersclarenl nares 2) Og ta oe 45.6....24.6....17.5 (6G ormnaeses 500) o.0.50) 
Motalsel Oocpocel Ooo aapetelelcisielseatererencvoletel aisle) tater CU ite Gs see lone tk Mopoets eacodcado lt: 1932-33 1930-31 
OPOLGLOtal state Nels eters ais ore o%~ esto eotovelerele « +)! vie Hey nll goalucoosa Sobspou obo dUnono “bondoso ToeSingle phase vrei icresteuisie ale 8351. eee 86.4 
Oped ePhase Wackerie <mikhs Moca rete 12.023 11.3 
LOU PDASGS sche. «hcp ster siete relereys Goaoeeere 4. Onis 2.3 
T, M, and B represent top, middle, and bottom assemblies, respectively. 
AucustT 1954 1199 


4. It is impossible, practically, to overinsulate a line to prevent 
lightning outages. Overinsulation in the order of 3 or 4 to 1 for 
83/4, ky lines indicates a reduction in outages ranging as high as 
50%. 


5. On present day 132 kv lines, physical damage resulting from 
lightning flashover is of little concern where grading shield arcing 
protection is used. 


6. From 75 to 85% of lightning troubles on these lines result in 
single phase faults only. The spread of trouble to other phases is 
infrequent. 


7. Continuity of service can be bettered some 60% by the use of 
two circuit construction. 


8. The possibility of producing a lightning proof line by the use of 
expulsion protective gaps at insulator assemblies, with our type of 
line construction, without going to additional ground wires, insula- 


Table IX—Location of Flashed Over Line Conductors by 
Automatic Oscillograph-Hall Recorder 
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T, M, and B represent top, middle, and botton assemblies, respectively. 


tion, conductor clearances, or reduction in tower footing resistance 
seems possible, based on actual operating experience obtained on 
one line last year. Detailed results of this installation will be re- 
ported at a later date. 


9. Although not directly brought out by the data in the paper, 
there is still another possibility of producing a high tension trans- 
mission line with the equivalent of lightning-proof performance and 
that is by the use of a high speed opening high speed reclosing break- 
ers reclosing possibly in 10 cycles or less after the flashover, so that 
the net effect will be no loss of synchronism and no interruption of 
service to even the most sensitive equipment. Some development 
work on that idea now started will be reported on at a later date. 


10. The effect of lightning on a transmission line is distinctly local, 
extending over only a very few towers, frequently not more than two, 
and in many cases only one. 


ite 
as well as frequency of severe storms. 
predicting line performance. 


This may be of value in 


12. Graphic automatic recording instruments have been of great 
benefit in studying the lightning performance and characteristics 
of these lines; as they show definitely, in many cases, what has taken 
place. 


13. The benefits of counterpoises in reducing line outages due to 
lightning are indicated in a recorded reduction in flashed over towers 
in the order of 1/2 to 2/3. 


The analysis of lightning performance of the 152- 
kv lines of the American Gas and Electric Company 
system which has been continued for the past 9 
years has resulted in some very definite progress 
being made in understanding the lightning problem 
and also definite conclusions on many aspects thereof. 
The progressive stages of development of the more 
important ideas have been summarized in Table X. 
It may be noted that many of the controversial points 
have been settled, at least to the authors’ satisfaction 
at the present time. Consequently, in the future 
attention will be concentrated on those phases of the 
lightning problem that remain unanswered or in 
controversy. There is, no intention, however, to 
discontinue or to relax in the thoroughness with 
which operating performance records on this system 
have been gathered and analyzed over almost a 
decade. 
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Line outage performance follow both total storm frequency, | 


Incandescence— 
Some Theoretical Aspects 


Some theoretical considerations involved in 
incandescent phenomena, with particular 
reference to incandescent illumination, are 
discussed briefly in this paper. In spite of 
the recent remarkable achievements in lu- 
minescent illumination, the incandescent 
lamp still is believed to await a genuine 
challenge. 


By 
SAMUEL G. HIBBEN 


ASSOCIATE A.1-E-E. 


Westinghouse Lamp Co., 
Bloomfield, N. J. 


1 ie 2 CLASSES of radiation perti- 
nent to a discussion of illumination are incandes- 
cence and luminescence. Many light sources fall 
partially into both classes, and therefore the line of 
demarcation is not always obvious. Indeed, it is 
believed that fundamentally they are identical, 
merely being different manifestations of energy re- 
lease from atomic systems, disturbed by chemical, 
electrical, thermal, or other means. All electrons 
presumably have specific wave lengths at which they 
radiate. In solids and liquids, however, the mole- 
cules are packed so closely that they cannot vibrate 
in their proper periods. Just when one is beginning 
to emit regular vibrations, another knocks against it, 
and the vibrations become irregular. This results 
in vibrations of every wave length, our so-called con- 
tinuous spectrum. Gas and vapor molecules being 
relatively free are not disorganized thus, and there- 
fore the spectra of these are seen as series of lines 
(Fig. 1). If the pressure of the gas be increased enor- 
mously, it is conceivable that a continuous spectrum 
also might be produced, probably with the charac- 
teristic line spectrum superimposed on it. 

The specific field of this paper is incandescence, 
frequently called temperature radiation. As al- 
ready noted, this type of radiation is characteristic 
of solids and liquids, and is characterized by continu- 
ous spectra. Only a few solids are known that are 
exceptions to this general rule of a continuous spec- 
trum, and only one or 2 gases are known that at 
temperatures attainable in the laboratory will give 
forth radiation in the visible region through incan- 
descence. All substances in the solid or liquid state 
start emitting visible radiation at temperatures just 
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above 500 deg C, the exact temperature varying with 
the substance. At low temperatures, the maximum 
energy radiated is somewhere in the infra-red region; 
as the temperature is increased, the maximum shifts 
to a shorter and shorter wave length, theoretically 
reaching the visible or ultra-violet regions (Fig. 2). 
This was postulated originally by Wien, and now is 
known as Wien’s displacement law. 

For purposes of discussion, some standard is ad- 
visable, which, for temperature radiation, is called a 
“black body.” This may be defined as a substance 
capable of absorbing every incident radiation in the 
ultra-violet, visible, and infra-red regions ranging 
from about 300 A to 3,000,000 A. (A is the abbre- 


viation for Angstrém unit, a unit used for expressing 
wave lengths of light; it is equal to 1 cm X 1078.) 
Actually, there is no such substance, since everything 
reflects some energy—from such things as lamp- 
black and platinum black which are about 99 per 
cent perfect, to newly polished silver which is only a 
few per cent perfect. The carbon filament, which 
was used for many years in incandescent lamps, is 
also very nearly the equal of the black body stand- 
ard. However, experimental artifices such as in- 
ternally blackened spheres with minute observation 
hole may be used to reproduce black body phenom- 
ena even more closely than actual substances will. 
The obvious question that follows is why a standard 
of absorption should be chosen to discuss radiation. 

Very early in the scientific history of light it was 
realized that some important relation existed between 
the absorption and emission of a body. It remained 
for Kirchhoff and Balfour Stewart, working inde- 
pendently just prior to 1860, to reduce this relation 
to a definite law, now named for the former. It 
may be expressed as follows: Ata given temperature, 
the ratio between the emissive and absorptive power 
for a given wave length is the same for all bodies: 


EXD 

Re constant 

Stated in another way, this means that any body that 
is a good absorber is a good radiator, and in just the 


same proportion. Fundamentally, Kirchhoff’s law 
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Fig. 1. Continuous spectrum. of typical incan- 
descent source (above) and (below) line spectra of 
typical luminescent source (sodium) 
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proves that at a given temperature no substance can 
emit more light of a given wave length than a perfect 
black body at the same temperature. This does not 
necessarily mean that no substance may be more 
efficient than a black body as a light source, as may 
be seen ina later discussion. A second important con- 
clusion from this law is that a body cannot emit those 
rays for which it is transparent, or for which its sur- 
face acts as a perfect mirror. Since the ratio of 
emission to absorption must remain a finite number, 
the substitution of zero for Ay, (the condition of per- 
fect transparency or perfect reflectivity) must be 
followed by the substitution of zero for Ey,. Still 
another conclusion is that when a body is capable of 
emitting certain radiations, it absorbs these same ra- 
diations when it is irradiated by them. It may ab- 
sorb other radiations also, as is illustrated by the se- 
lective absorption of colored substances. 

Mere radiation of energy, however, does not make 
a good light source. The effectiveness of visible 
radiations is wholly dependent on the mechanism of 
the eye. The average human eye has a very definite 
sensitivity curve which reaches its maximum at 
5,560 A, but drops off very quickly to small values at 
the limits of the visible spectrum. This is shown by 
Fig. 3. Any radiations beyond these limits, of 
course, are worthless for vision, and within the limits 
are effective only in proportion to the ordinates of the 
curve. 

As previously pointed out, the maximum energy 
radiated is at its peak in the infra-red regions at low 
temperatures. As the temperature increases this 
peak comes nearer and nearer to the peak of maxi- 
mum eye sensitivity; if the latter peak could be 
reached, there would be obtained for any particular 


Fig. 2. Energy 
curves for radia- 
tions from a black 
body at various 

temperatures 
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material the most efficient incandescent light source 
that could be constructed. It is characteristic of all 
materials, however, that they do not absorb, and, 
therefore, do not radtate, energy at all wave lengths 
except, of course, a black body which does so by 
definition. Carbon radiation for example, is different 
from tungsten radiation which in turn is different 
from that of iron. This characteristic of individual 
materials is called selective radiation and is a very 
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important factor in determining the effectiveness of a 
light source. 

To these 2 light-source criteria of incandescence— 
good absorption (or good radiation) and selective 
radiation—must be added practical considerations. 
The material chosen must be capable of withstand- 
ing high temperatures for long periods of time and 
must be susceptible to processing for manufacture. 
A review of the history of incandescent sources will 
help to understand the full scope of the problems in- 
volved. 

Almost all early forms of illumination were pro- 
duced by chemical means—the burning of wood, of 
vegetable and animal oils, and later of mineral oils 
and gas. In the final analysis, these are forms of 
incandescence, usually of minute particles of carbon, 
although sometimes the phenomenon of luminescence 
also occurs. Naturally elementary incandescence 
was known through the process of putting a bar of 
metal into a fire until it became white-hot, and 
glowed upon removal; but the problem of maintain- 
ing the glow except by a fire that would give off more 
light than the indirectly heated bar was not solved 
until the advent of electricity. 

As far as is known, the first application of elec- 
tricity to produce incandescence was made by Sir 
Humphry Davy in 1802. By passing a heavy cur- 
rent through thin strips of metal, light was produced. 
He found only one metal, platinum, that would last 
long enough at an incandescent temperature to be 
called a light source. This was the forerunner of 
the modern filament lamp. Thereafter, for a period 
of 75 years, endless experimenters worked on this 
problem with 2 materials in especial favor as fila- 
ments, carbon, and platinum. Then came the first 
real success—Edison’s carbon filament lamp. While 
contemporaries of Edison, working independently, 
achieved simultaneous or even prior results, his work 
on all phases of the problem even to that of designing 
constant voltage distribution systems, marked the 
start of the electric light industry. 

Edison’s lamp patents were based on 4 things: a 
high resistance filament operating in a vacuum main- 
tained by a one-piece glass globe having all joints 
sealed by fusion of the glass. All except one of these 
are still primary considerations; that one, the 
vacuum, merely changed so that it might be better 
expressed as keeping deleterious gases or vapors away 
from the filament. 

Naturally, as with any definite product, continuous 
efforts were made to improve its value. These ef- 
forts extended in many directions—from glass prob- 
lems, manufacturing economies, and exhaust per- 
fection to the ever-present question, the filament. 
Efforts were made not only to improve carbon, but 
also to find substitutes for it. The first of these 
was osmium, an extremely rare metal, developed as 
a filament material in Austria and Germany. Its 
improved efficiency was of the order of 75 per cent, 
but its scarcity and its fragility prevented its use from 
becoming universal. Next in line was tantalum— 
not as efficient as osmium, but more practical. 
Then came tungsten with an early efficiency of 7.5 
Ipw (lumens per watt) or more than double the 
efficiency of the carbon lamps then in use (1907). 
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In tungsten, a metal was discovered which was en- 
tirely practical. Abundant, it did not present any 
insurmountable difficulties toward purification and 
processing; and thus far, considered practically as 
well as scientifically, in spite of an intensive and 
systematic research during the past 25 years to which 
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few products have been subjected, no other known 
material will do as well. 

The filament material is, of course, the vital point 
of all incandescent lamp manufacture. However, 
other factors have great importance, some only be- 
cause tungsten is used, others regardless of the mate- 
rial. Consider, for example, the question of high 
vacuum—a vital feature because oxygen, carbon 
dioxide, and water vapor must be kept away from the 
filament. After tungsten was adopted as a fila- 
ment material, however, it was realized that the 
vacuum could be replaced by inert gases and definite 
improvement obtained. The presence of the gas 
retarded the evaporation of the tungsten, and 
thereby permitted the use of higher temperatures. 
At these higher temperatures, greater radiation in 
the spectral region is obtained. Greater heat losses 
(through conduction and convection) seemed immi- 
nent at first, but it was found that these heat losses 
even though greater were more than compensated 
by the additional light obtained, except in lamps of 
low wattage. 

Assuming that tungsten is the best filament mate- 
rial available today, and that all major fields incident 
to its use have been explored and utilized, what is 
there to look forward to in efficiency? To raise the 
temperature of the filament increases its efficiency, 
but simultaneously shortens its life. From a prac- 
tical standpoint, a life of about 1,000 hr for general 
service lamps seems to be desirable. At this stand- 
ard, lamp efficiencies vary from 10 to 20 Ipw. This 
seems to be unreasonably low when a theoretical 
computation based upon the mechanical equivalent 
of light indicates that the efficiency of a perfect light 
source would be in the neighborhood of 670 Ipw. A 
study of the eye sensitivity curve (Fig. 3) indicates 
one aspect of this great difference. Let it be as- 
sumed that a light source were obtainable that would 
radiate wholly within the visible region. If this 
radiation were uniform in this narrow band, the 
illumination effect would be only in proportion to the 
ordinates of this curve, and therefore the efficiency 
would be about 220 Ipw. Only a green light source 
radiating at 5,560 A could approach the figure of 670 
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lumens per watt; for a red light at 7,300 A, a perfect 
light source might have an efficiency only of the 
order of 20 or 30 Ipw. 

To speak of a practical light source radiating 
wholly within the visible spectrum is to speak of 
Utopia. Let the equivalent of an eye sensitivity 
curve (a spectral luminosity curve) be superposed on 
the complete radiation curve of a standard incan- 
descent lamp (Fig. 4). A totalization of the areas 
enclosed under the curves indicates that an efficiency 
of 50 lpw would be excellent for tungsten tempera- 
tures a few hundred degrees less than its melting 
point of 3,650 deg C. In this connection it is inter- 
esting to observe that a black body would reach its 
maximum of luminous efficiency (approximately 90 
Ipw) at the temperature of 6,250 deg C; above 
this temperature, too much radiation is in the ultra- 
violet region, and below it too much in the infra-red. 
Even though many non-black bodies have a better 
selective radiation than a black body, a temperature 
of 6,250 deg C is so far beyond the limits of practice 
that approximately 50 lpw must be accepted as a 
theoretical peak efficiency for incandescent tungsten. 
Between this figure and the achieved 20 lpw illumina- 
tion, engineers must look for improvement and ex- 
plain the losses. Convection and conduction losses 
through the inert gases, the heating of lead wires and 
supports, absorption of light by the glass bulb—- 
these are very appreciable factors, and apparently 


Fig. 4. Spectral 
energy curve of a 
standard __incan- 
descent lamp (a) 
and spectral lumi- 
nosity curve (b) 
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ones that in the weighing of lamp costs versus operat- 
ing costs are at present in a state where only radical 
discoveries would make it economically wise to alter 
present lamps greatly. 

However, progress is by no means at a standstill. 
Ever since the adoption of tungsten the efficiencies 
of incandescent lamps have risen. During the pres- 
ent period they are taking an important step up- 
ward through the success of coiled-coil filaments. 
Just as the original coiled filament allowed higher 
temperatures, so the present development of a fila- 
ment. first wound as a simple helix, and then as a 
compound helix, is expected to increase efficiencies 
as much as 10 per cent by minimizing heat losses 
and allowing more radiant energy to be emitted in 
the spectral region. 

In the face of remarkable achievements here and 
abroad in the field of luminescent light sources, most 
of them by the same manufacturers engaged in the 
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production of the filament lamp, incandescence 
might be thought to be on the defensive. A cold 
analysis, however, indicates that much greater prog- 
ress than now even visioned must be made before the 
incandescent lamp ever can be regarded as a “‘back 
number.” First of all, the purpose of any artificial 
source is merely to replace the light produced by the 


Low Pressure Gaseous 


Discharge Lamps—Part | 


Radiation and conduction phenomena in 
low pressure gaseous discharge lamps are 
discussed in this paper. Results of meas- 
urements on the variables in a discharge are 
given, and an attempt is made to correlate 
them with the concentration of atoms at 
different energy levels, and with the lumi- 
nous efficiency. An insight into the funda- 
mental processes which occur in a gas dis- 
charge and govern the production of light 
in low pressure discharges are given. In 
Part |, which follows, radiation processes are 
discussed, and in Part Il, scheduled for 
publication in the next issue, electrical 
conduction processes are covered. 


Wins the light from an incandes- 
cent solid, such as a tungsten filament, is character- 
ized by a continuous type of spectrum, that is, one 
in which radiations of all wave lengths in the visible 
range are present, that from a gas or vapor has a 
characteristic line type of spectrum. As a result, 
the latter usually exhibits a distinct color due to the 
predominant intensities of radiations of certain wave 
lengths. The efficiency of such a light source de- 
pends upon both the intensities and the visibility 
factors of the most prominent lines. 

In Fig. 1! are shown the spectra, as observed by 
passing the light through a prism spectroscope, of 
those gaseous discharges which have been utilized 
for purposes of illumination. The figure also gives 
the values of the visibility factor V, for the most 
intense lines in these spectra, and there is also shown 
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sun. It, too, is an incandescent source, probably © 
with an efficiency equivalent to 50 or 60 Ipw, and — 
with the continuous spectrum common to all incan- 
descent sources. With its endless possibilities of 
size and types, with its great simplicity of installa- 
tion and operation, with its low cost, the incandescent 
lamp still awaits a genuine challenge. 


By 
SAUL DUSHMAN 


ASSOCIATE A.1.E.E. 


General Elec. Co., 
Schenectady, N. Y. 


a plot of V, as a function of \. The light output Z 
in lumens per unit area of a source is given by the 
relation 


Xr 
Ter 6o1 f “ VyEndad (1) 
1 


where F,d\ denotes the energy radiated in watts 
per square centimeter in the range \ to \ + dh, 
and 621 is the maximum luminous equivalent per 
watt of radiated energy (corresponding to radiation 
of wave length \ = 5,550 A = 555.0 millimicrons). 
(One Angstrém unit = 1A = 1078 cm = 0.1 mu. 
One micron = lp.= 1074 cm.) The limits \, and 
de for visible light may be assumed, for all practical 
purposes, to be 44,100 and 7,200. For any source, 
the specific luminous efficiency L, is thus defined 
by the relation 


r: 
aay i) "VyEndd 
Le = = M (2) 


df i Edd 


where W is the total energy radiated. 

For any given source of light there also exists an 
optimum luminous efficiency Ly) which represents 
the efficiency of a fictitious source which has the same 
energy distribution in the visible region, but which 
emits no energy whatever outside the visible region. 
This is defined by the relation 


r 
ES TW ST f * Bad (3) 
1 


and determines the maximum attainable efficiency 
for a light of a given energy distribution in the 
visible range. 

Table I gives data on the luminous efficiencies 
(lumens per watt) of a number of light sources in- 
cluding the different types of gaseous discharges 
which are of practical interest. The last column 
gives the energy utilization ratio 


n = L./Ly = Wi/W (4) 


for each case. 
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For helium and carbon dioxide no data are avail- 
able for making an estimate of the value of Lp, 
but undoubtedly the value of » for both cases is less 
than 0.05. The value of L, for cadmium is typical 
of results obtained with other metal vapors such as 
those of lithium, potassium, rubidium, caesium, 
zinc, and magnesium. Of the rare gases, only neon 
and helium ‘give sufficient light in the visible range 
to be of interest. 

Only in the case of carbon dioxide is the light 
actually white, so that the use of this gas discharge 
has been suggested for true color rendering. In fact, 
it was used by D. McFarlan Moore in his tube 
lighting introduced about 1906. However, the use 
of gases, such as carbon dioxide, nitrogen, and hydro- 


Table I—Luminous Efficiencies of Various Sources of Light 


Source Color Ly Ls 1007 
Black body at T = 6,500... White.......... 2180s. S69 .39.5 
BNL ttV ar al/aue testa eieisr ova: ang: shat avlenene @ Wihites-e carn a, 2500 er 100 ... 40 
Tungsten (gas filled)........White.......... 1aSeer a. 15 — 30....106 -20 


BpamMingalG.c tee yat' no Wihite wees... EXD I of seal 2 — 45. 2 


Bodittm VapOl. 0s... pe OMOW: Wn... 0505 AT Dee err 50 -100....10 -21 
Mercury, low pressure...... Blue-green......248¢...... 155 — 20250 5,65 =.8 
Mercury, high pressure..... Blue-green...... ZO SF as 380 — 35:...10 -12 
ET ARR re Hee eee Orange-red..... 1OSd See 15 -— 40.... 7.5-20 
Bret etat Nackc ScievMetyctl es Sheets Viellow-white... 6. ..n cece. 4 -10 
arbon dioxide. .....4...... WWihhitemaermne st. cece bei sie) Se ot 
BVA STIAUTEIY renee weasaihaeeacae 8 (Blue See ee otis: phe arable ls 0.5- 1 


a. Values given by L. J. Buttolph, paper read before Am. Electrochem. Soc., 


April 1934. : 

b. Assuming that most of the light is due to the carbon crater, the temperature 
of which corresponds to that of a black body at 4,000—5,000 deg K. 

c¢. Based on V) for the D-lines. 

d. Values calculated by F. A. Benford from measurements under operating 
conditions. 


gen, has not proved practical because of the 2 dis- 
advantages: first, the relatively low luminous 
efficiencies; and, second, the phenomenon of ‘‘clean 
up’ which leads to a rapid disappearance of the gas 
during the operation of the discharge. 

A consideration of the data in Table I naturally 
leads to an investigation of the factors that determine 
the luminous output and efficiency of a gaseous dis- 
charge. In the following sections, an attempt will 
be made to discuss these factors in detail. 


ORIGIN OF SPECTRAL LINES 


When a discharge is passed in sodium vapor at 
low pressure (0.0005 to 0.005 mm of mercury), 
the spectrum is obtained as a result of the impact on 
sodium atoms of electrons which have acquired 
kinetic energy from the electric field between the 
cathode and anode. If e denotes the charge on an 
electron, and V the potential difference through 
which the electron has traveled before collision with 
a sodium atom, the kinetic energy acquired is given 
by the relation 


= mo? = Ve (5) 


where m = mass of electron and v = velocity. 
For a potential fall of one volt, the velocity at- 
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tained is 5.935 & 107 cm per second, and the kinetic 
energy is 1.591 X 107! ergs. 

The complete are spectrum of sodium is obtained 
only if the value of V exceeds that of the ionizing 
potential V,, which in the case of sodium is 5.12 
volts. At lower voltages than this, fewer spectral 
lines are obtained, and if the electron energies are 
reduced to some value corresponding to that between 
2.10 and 3.18 volts only the 2 D lines (45,890 and 
45,896) are obtained. Collisions of sodium atoms 
with electrons having an energy below 2.10 volts 
are absolutely ineffective in producing any radiation 
from the sodium atoms. 

The interpretation of these observations on the 
basis of the Bohr theory of atomic energy levels is 
illustrated by reference to Fig. 2.. An electron of 
kinetic energy less than 2.10 volts suffers an elastic 
collision with a sodium atom, so that the electron 
loses only an insignificantly small fraction of its 
energy. On the basis of ordinary dynamics it is 
readily shown that this loss is 2m/M of the total 
energy of the electron, where M/m denotes the ratio 
of the mass of the atom to that of the electron. 
For sodium, 2m/M = 4.8 X 1075 volts. When 
the energy of the electron exceeds 2.10 volts, an 
inelastic collision occurs, and if the kinetic energy 
is less than 3.18 volts, there is a transfer of energy 
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to the atom corresponding in amount to 2.10 volts, 
while the excess over this value is retained by the 
electron as kinetic energy. The energy imparted 
to the sodium atom is used to excite it to the first 
excited state, which is designated spectroscopically 
as the 3P state. When the atom is in such a high 
energy state, it tends to return spontaneously, 
within an interval of approximately 10~8 sec, to the 
normal state, and in this process the excess energy 
is radiated as a monochromatic radiation of fre- 
quency, v, determined by the relation 

Ve 
mid 


where / is Planck’s constant (6.547 X 10-27 erg-sec), 


v 


= 2.43 X 10" per volt (6) 
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and the corresponding wave length in Angstréms is 
» = & = 12,336 (7) 
y J 
where ¢ = velocity of light. 
Thus for V = 2.10 volts, \, calculated from eq 7, 
has the value 5,890. Actually the 3P state of sodium 
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consists of 2 states of slightly different energy con- 
tents. This accounts for the observed emission of 
the 2 lines known as D; and Dz, and having the wave 
lengths 5,896 and 5,890, respectively. 

At 3.18 volts, the electron can excite a sodium atom 
to the 4S state and from this state the only transition 
which can occur is that to the 3P state, with the ac- 
companying emission of the infra-red lines \11,382 and 
11,404. Thus, as the kinetic energy of the elec- 
tron is increased, it becomes possible to excite the 
sodium atom to successively higher energy states, 
and the spectrum changes from the simple doublet 
consisting of the 2 D lines to a spectrum containing 
more and more lines, until finally for V = 5.12 volts, 
or higher, all the lines in the are spectrum of sodium 
appear. At this voltage, the atom becomes ionized, 
forming Na*, and hence 5.12 is designated as the 
ionization potential (V,). 

While Fig. 2 shows the voltages at which the differ- 
ent energy states are produced, Fig. 3 shows, in a 
more customary form, the “energy levels’ and the 
spectral lines corresponding to transitions between 
these levels. For reasons which need not be dis- 
cussed here, transitions can occur only between 
levels in adjacent columns and not between those 
in the same column. Even before Bohr suggested 
his theory, spectroscopists had observed that in the 
simpler spectra it was possible to represent the re- 
ciprocal of the wave length of any line (wave num- 
ber) as the difference between 2 wave numbers in 
the form 


where 7; is the wave number of the lower, and v2 that 


of the upper level. For members of the same series 
vy; is a constant, while v. decreases as the limit of the 
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series is approached. In Figs. 3 and 4 the wave > 
numbers of the different levels have been indicated, © 
and from the difference in wave numbers of any 2 
levels, the corresponding electron volts may be 
derived by means of the relation 


= n seb 9 
iy 8,106 : a 


RESONANCE RADIATION AND 
RESONANCE POTENTIAL 


An interesting phenomenon observed with the 
D-line radiation of sodium is the “‘reversal’’ of these 


Fig. 3. Energy 
levels and 
lines in are 
spectrum of 
sodium 


lines if a heated bulb containing sodium vapor is 
interposed between the sodium lamp and the ob- 
server. Similar reversal of spectral lines has been 
observed in the spectrum of the sun (Fraunhofer 
lines) and the explanation in both cases is the same. 
A sodium atom may be excited to the 3P state not 
only by collision with an electron of the requisite 
kinetic energy, as discussed above, but also by 
absorption of light of the same frequency as that 
emitted by the transition from 3P to the normal 
state. The absorbed energy is then reémitted when 
the atom returns to the normal state, and in the case 
of a bulb containing sodium vapor, there is perceived 
in a direction at right angles to that of the incident 
light from the discharge, a faint yellow glow. The 
analogy with resonance phenomena in other fields 
of physics has led to the designation of this radiation 
as of the resonance type, and hence the corresponding ~ 
excitation voltage, 2.10 volts for sodium vapor is 
known as the resonance potential (V,). 

This “absorption” of the D-lines by sodium thus 
is not a true absorption in which the radiation is con- 
verted into energy of a longer wave length, but rather 
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a scattering of the incident light. We may regard 
the phenomenon as one in which a photon, or light 
particle, of magnitude hy (where » = frequency of 
D-lines) is passed on from one sodium atom to 
another, causing successive excitation and reémission 
of the lines until finally the radiation is emitted at 
the surface of the discharge tube. From this point 
of view the phenomenon has been designated as 
“Imprisonment of radiation.”’ 

Similarly a sodium atom in an excited state higher 
than 3P could be excited to a still higher state by 
absorption of radiation of frequency »,; where k desig- 
nates the upper level 7, the lower level, and »,, is 
the frequency of light emitted by a transition from 
the upper to the lower level. In a subsequent 
section this phenomenon will be discussed in greater 
detail because of its importance in determining the 
luminous efficiency of a light source. 

The remarks have been limited so far to a dis- 
cussion of the processes which lead to the produc- 
tion of radiation from sodium vapor, but this case 
has been used merely as an illustration of the type 
of mechanism by which the line spectra of all the 
elements are produced. During the past 20 years, 
since Bohr first postulated his theory, an enormous 
number of investigators have succeeded in interpret- 
ing the spectra of nearly all the elements, both in 
the normal state (arc spectra) and in the ionized state 
(spark or enhanced spectra); for an atom in the 
ionized state may be excited by impact of electrons 
to emit a characteristic spectrum, and in some 
cases it has been possible to determine the spectra 
of the atom in a number of stages of ionization. 
However, since these spectra are always in the ultra- 
violet region and require special conditions for their 
production they are not of interest as sources of 
light and will not be discussed further. 

Various methods have been used to determine 
the energy levels in the arc spectra of the elements. 
In many cases the values of the potentials have been 
measured at which electrons lose discrete amounts of 
kinetic energy by collision with the atoms. Such 
measurements have yielded values known as critical 
potentials. A determination of the resonance lines 
by absorption measurements has made it possible 
to determine in some cases the energy values of the 
lowest excited states (V,) and from these in turn 
the accurate values of the ionization potentials 
(V,). This method has been used especially in the 
case of the rare gases and of a number of metallic 
vapors. Finally, an analysis of the arc spectra 
themselves combined with experiments on critical 
potentials have enabled spectroscopists to deduce 
the corresponding energy level diagrams. 

As a result there is now available a great deal of 
information on the type of spectrum obtainable 
from each element and its system of energy levels. 
From an inspection of such energy level diagrams, 
as that shown in Fig. 3 for sodium, it is possible there- 
fore to deduce some conclusions regarding the prob- 
able characteristics of any element as a source of 
light. (The theory of the origin of spectral lines is 
discussed in any treatise on modern physics. A 
very complete bibliography of papers published 
during 1920-1931 on line spectra of the elements 1s 
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given in a paper by R. C. Gibbs.? Energy level 
diagrams of a number of elements are also given in 
a book by W. Grotrian.*? See also review by S. 
Dushman.*) 

In Fig. 4 is shown the energy level diagram for the 
are spectrum of mercury. The levels are arranged 
in columns according to spectral type, and the po- 
tentials required to excite these levels are indicated 
at the left, while the corresponding wave numbers are 
indicated along the line which divides the “‘triplet’”’ 
system of levels from the “singlet” system. There 
are 2 respects in which the spectrum of mercury 
differs from that of sodium. First, the resonance 
lines, \2,537 and \1,850, are in the ultra-violet re- 
gion, and lines in the visible range are produced only 
by transitions from higher levels to the lowest ex- 
cited levels. Hence, in order to obtain 5,461, 
an intense line in the green which is most efficient 
because of its high value of V,, it is necessary to 
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impart to an electron a kinetic energy corresponding 
to 7.7 volts, while the radiation emitted corresponds 
to 12,336/5,461 = 2.26 volts. On the other hand, 
in the case of sodium, the kinetic energy of a 2.10 
volt electron may be converted quantitatively into 
the radiation 5,890, 5,896. 

Second, while in the case of sodium (and other 
alkali metals) all the energy states are of such a 
nature that a transition to a lower state may always 
occur with accompanying emission of radiation, there 
are certain energy levels in the case of mercury from 
2. Rev. of Modern Physics, v. 4, 1932, p. 278. 

3. ‘Graphic Representation of the Spectra of Atoms and Ions With One, Two, 
and Three Valence Electrons” (a book). Julius Springer, Berlin, 1928. 


4. “Line Spectra and the Periodic Arrangement of the Elements.” 
Rev., v. 5, 1928, p. 109. 


Chem. 
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which no transitions occur with emission of radia- 
tion. Such are the states designated spectroscopi- 
cally in Fig.4as 2 *P) and 2 *P2, which are adjacent 
to the level 2 *P, from which the transition 2,537 
occurs. These are known as metastable states 
and while the normal atom may be excited to one 
of these states by impact of an electron having the 


00.0/73950| 2S 


Fig. 5. Lower energy levels in spectrum of neon 


proper value of kinetic energy, the life of the atom 
in a metastable state is of the order of 10~* to 10~4 
sec, instead of 107° as in the case of other excited 
states. 

In Fig. 5 are shown (schematically and not to 
scale) the lower levels in the spectrum of neon. 
The lowest excited levels are known as S;, Su, 53, 
andes, (or 8Po, *7, *Po,: and Pp respectively), of 
which s; and s3; are metastable, while s, and s» give 
rise to the 2 resonance lines \743 and 736 which 
are in the far ultra-violet. The combination of 
these 4 levels with the 10 higher p levels give rise 
to about 30 spectral lines which impart to neon its 
red-yellow light. Here, as in the case of mercury, 
it is evident that the electron must acquire about 
18.5 volts in order to excite a neon atom to a level 
from which transitions (corresponding to about 2 
volts of kinetic energy) can occur with emission of 
visible light. 

Finally, Table II gives values of V; and V, for a 
few of the gases and vapors of interest in the produc- 
tion of light, also the resonance lines (\,) and, in 
the column under V,,, the metastable levels. 

From this table it is evident that of the different 
alkali metals, sodium is the only one which has 
resonance lines in the visible range. Also, while 
the resonance lines for the other alkali metals are in 
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the near infra-red, the corresponding lines for all 
the other gases and vapors are in the ultra-violet. 
Since, under the usual operating conditions, the 
most intense lines in the arc spectrum of any 
element are the resonance lines, it follows that 
sodium must be more efficient as a source of light 
than any of the other elements. The other interest- 
ing fact, emphasized by the data in Table II, is the 
presence of metastable states in all other spectra 
than those of the alkali metal. 


PROBABILITY OF EXCITATION AND IONIZATION 


The various factors which govern the intensity and 
efficiency of light produced from an electrical dis- 
charge in a gas will now be considered. The in- 
tensity of any spectral line depends in the first place 
upon the rate at which transitions occur from some 
excited state k to a lower state 7. Under stationary 
conditions, the rate at which atoms in state k revert 
to state j will be equal to the rate at which they are 
formed. Therefore the intensity of light must vary 
with both the electron current (J,) and the con- 
centration of atoms in the lower state 7, (N;), since 
the number of collisions per unit time per unit volume 
will vary with the product N,-J,. However, not 
all collisions between sodium atoms and electrons 
of kinetic energy 2.10 volts (or higher) are effective 
in producing excited atoms in the 38P state. The 
probability that a collision will result in a transfer 
of energy is a function of the velocity (or kinetic 
energy) of the electron. It is customary to define 
the probability of excitation P,, as the number of 
excited atoms formed per unit electron current per 


unit length of path, per unit pressure at zero deg C. 


For each energy level in any given spectrum, the 
manner in which P, varies with V (i.e., with the 
kinetic energy of the electron) may be quite differ- 
ent. In Fig. 2 there is shown a plot of this func- 
tion for the 3P state of sodium,® from which it is 
seen that the maximum probability of excitation 


5. L. E. Loveridge, quoted by R. B. Brode, Rev. of Modern Physics, v. 5, 
1934, p. 269. ; 
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occurs for electrons of 2.5 volts, approximately. 
In the case of the 2 'P, state of mercury (correspond- 
ing to V, = 6.67 volts), P, increases from zero at 
6.67 volts to a maximum value at 6.8 volts and then 
decreases with further increase in voltage.° 

In a similar manner, the probability of ionization, 
P,, is defined as the number of ions formed per unit 
electron current, per unit path length, per unit pres- 
sure at zero deg C. For values of Vless than about 
4 V,, P, increases linearly with V according to a 
relation of the form 


P; = C(V—V) (10) 


From the results obtained by I. Langmuir and 
H. A. Jones,”® the following values of the constant 
C are derived for helium, neon, argon, and mercury. 
The value for sodium has been taken from a paper 
by M. J. Druyvesteyn and N. Warmoltz.°® 


Helium (He) 0.035 
Neon (Ne) 0.034 
Argon CANO 33 
Mercury (Hg) 0.69 
Sodium (Na) 0.66 


As has been shown by C. G. Found, eq 10 is 
valid even for cumulative ionization (see discussion 
below) if V; is replaced by V,. 

Intimately connected with the probability of 
excitation is the optical excitation function, F,, 
which gives the intensity of any spectral line as a 
function of the kinetic energy of the incident elec- 
tron, and which may be determined quite readily 
experimentally. This concept was first suggested 
by R. Seeliger’! 121% and determinations of F, 
for a number of lines in different spectra have been 
_earried out by several investigators, notably by W. 
Hanlé and K. Larche.'* In Fig. 6 are shown curves 
obtained by the latter for the 3 lines in the spectrum 
of cadmium, 2°P,— 23S); 23P, — 23S); and 23 Py — 23S, 
which correspond, respectively, to the lines \5,461, 
44,358, and 4,047 in the spectrum of mercury (see 
Fig. 4). 

If the probability of a transition from state k 
to state j is designated by A,,, then it is evident 
that the function F, is given by the relation 


F. = PAu (11) 


which states that the intensity of any spectral line, 
V,;, Varies with both the probability of excitation 
of the level k and the probability of transition from 
this level to state 7. 

A further consideration of the excitation function 
shows that this involves implicitly another quantity, 
the probability of a collision (P,) between an elec- 
tron of kinetic energy, V, and a molecule of the gas. 
(Since only monatomic gases and vapors are being 
considered the terms atom and molecule are evidently 
synonymous.) Actually the probability of a collision 
is also a function of V, as shown in Fig. 7% for 
collisions of electrons with atoms of the alkali metals. 


6. W.H. Brattain, Phys. Rev., v. 34, 1929, p. 474. 

7. Phys. Rev., v. 31, 1928, p. 357. : 

8. K. T. Compton and I. Langmuir, Rev. of Modern Physics, v. 2, 1930, p. 123. 
9. Phil. Mag., v. 17, 1934, p. 1. 

10. Phys. Rev., April 15, 1934. 

11. Ann. d. Physik, v. 59, 1919, p. 613. 

12. Physikal. Zs., v. 22, 1921, p. 610. 

13. “‘Gasentladungen,” R. Seeliger, p. 32. 

14. Zs. f. Phys., v. 67, 1930, p. 440. 
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The function P, is defined as the number of col- 
lisions per unit electron current per unit length of 
path per unit pressure at zero deg C. 

The functions P,, P;,, and P, each determine a 
mean free path which is derived as follows:° 


The probability of a collision in a distance dx in a gas at a pressure 
pis P.pdx. A current of electrons of strength J passing through the 
layer dx is decreased by 


dI = —IP.pdx 
Hence 
T = The=Pexd (12) 


where Jo is the initial electron current in the beam and J is the 


Fig. 6. —_Intensi- 
ties of lines in 
spectrum of cad- 
mium as functions 
of electron volts 


Figswnlt Collision 
probabilities for elec- 
trons in alkali metal 


vapors, as functions of 
velocity 


electron current after passing a distance, x, through the gas at a 
pressure, p. 

The mean free path Z is the average distance traveled before collid- 
ing and is given by 


pL = 1/P, = Lo 
the free path at unit pressure. 


From the value of Z or Lo 


the effective area of a single atom, g, is found by dividing P, by the 
number of atoms per unit volume per unit pressure. If the unit of 
pressure is one millimeter of mercury at zero deg C, and the unit of 
volume is one cubic centimeter, then 


q = 0.281 X 10-1*P, cm? (13) 


The radius r of a circle of this area may be described as the effective 
radius of the atom for collision and is given approximately by 


ae OS) SNOW) (14) 


Table III gives values of mean free paths for elec- 
trons (L,) and molecules (L,,), also values of 
1/L, and 1/L,,, the number of collisions per centi- 


15. R,. B. Brode, Rev. of Modern Physics, v. 5, 1934, p. 269. 
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meter path, for a few gases at one millimeter pressure 
and 25 deg C.1® According to the kinetic theory of 


gases L, = 4V/2L,. 


Table IlI—Kinetic Theory Values of Le, Lm, and their 
Reciprocals at p = One Millimeter and 25 Deg C 


Gas Le Lm 1/Le 1/Lm 
Mercury* (Hg)........ O.0149%em~ eye. 0200263 em: .... C7: 20a cee 380.0 
Argon (GW is cece d ON O45 098 eae re 0.00795: . “s.nae: DDD) ea 125.9 
Neon (Nie) beeen OO7ST Vee ces OLO1S9C Bre LO eee See 72.0 
Helium CEG) cera ate Oc SOO pst tae 0502221 tere eee F298 ietttccis 45.0 


* The vapor pressure of mercury at 25 deg C is 0.00184 mm. Hence the 
values of Le and Lm at this temperature should be multiplied by 1/o.0018 = 
544, 


If these values be regarded as the significant ones 
from the point of view of collision, then the values 
of LP, = L,/Io, and LP, are to be considered 
as measuring the probability that excitation or ioni- 
zation shall occur at any one collision. Thus for 
electrons of kinetic energy corresponding to 22.0 
volts in neon, the value of 1/P; = 59 cm, while L, 
= 0.0787 cm. Therefore the probability that an 
electron of this energy will ionize a neon atom at a 
single collision is 0.0787/59 = 0.00134, or one 
collision out of 750 is effective in producing ioniza- 
tion. For sodium vapor at 365 deg C (vapor pres- 
sure = 0.15 mm of mercury, number of sodium atoms 
per cubic centimeter = 2.2 X 10) L. S. Ornstein 
and B. Baars!’ have deduced a value for L, of 0.5 
cm. From this they derive for the atomic radius 
the value r = 1.7 X 1078 cm, and they conclude 
from measurements on the intensity of the D 
lines produced that at the maximum, 5 per cent of 
the collisions are effective in producing D-line radia- 
tion. 

It should be noted that while 1/Z gives the num- 
ber of collisions per centimeter path, the actual 
direction between collisions is quite random and 
therefore thé number of collisions per unit length in 
a given direction is 1/Z?. An electron traveling 
a distance of one centimeter in neon at one millimeter 
pressure and 25 deg C makes (12.7)? = 162 collisions 
with neon atoms. 


LIFE OF ExcITED ATOMS 


(A very full discussion of the life of excited 
atoms, and related topics has been given by A.C. G. 
Mitchell and M. W. Zemansky, see reference 18.) 

As has been mentioned previously, the intensity 
of a spectral line of frequency, »,,, corresponding 
to a transition from state k to state 7, depends not 
only upon the probability of excitation from the 
lower to the upper state (P.), but also upon the 
probability of occurrence of a transition from k to 7. 
This probability is usually designated by A,,, 
and the reciprocal, 7,,, is a measure of the average 
life of the excited state k with respect to the radia- 
tion »,. 

Ve Proc. Amsterdam Acad. Sciences, v. 34, 1932, p. 1,259. 


18. ‘‘Resonance Radiation and Excited Atoms,’’ A. C. G. Mitchell and M. W. 
Zemansky. The Macmillan Company, 1934. 
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The physical significance of 7,, may be stated 
thus: Given a certain number (7) of excited atoms 
in state k at t = 0, the number at the end of interval, 
t, providing that the rate of generation of excited 
atoms is zero, is given by 


n= Noe t/t (15) 


According to classical physics, the “damping 
factor,” 1/7, of a linear harmonic oscillator emitting 
radiation of frequency » (and wave length Xo in 
Angstr6m units) is given by the relation 


SiC Ly ro \? 
= LBL SIO) (75) sec 


Ut =) SET Ea 
81776? 19? 


(16) 


where 

c¢ = velocity of light 
m = mass of electron 

e = charge on electron 


On the other hand, the quantum theory point of 
view leads to a relation between the value of 7, 
and the absorption coefficient, a, of the resonance 
radiation of frequency, »,;. If Jo designates the 
intensity of the radiation at x = 0, the intensity of 
the light passing through a thickness x of the ab- 
sorbing atoms is given by 


I = Ipe-o (17) 


From measurements of a for any resonance radia- 
tion, the value of 7 may be derived by means of a 
relation of the form 


a K-n+ Xo3 
tVT 


where K is a constant for the transition k to 7; is 
the wave length of the resonance line; 1 is the num- 
ber of absorbing atoms per cubic centimeter, and T 
is the absolute temperature (in degrees Kelvin). 
Actually the absorption is observed for a radiation 
extending over an interval Av of frequencies, and the 
measurements give a as a function of v over this 
range, so that the above relation applies strictly only 
to the center of the range which is at vp (or Xo). 

The magnitude of the absorption for the resonance 
lines of sodium is evident from the measurements 
of W. Zehnden,!® which are shown in Table IV. 
The relative intensity of the radiation after pass- 
ing through a thickness of 1.492 cm of sodium vapor 
at the absolute temperature T is given under I/Ip. 
The last 2 columns give the values of a calculated by 
equl7- 


a 


(18) 


Table IV—Ab sorption for the Resonance Lines of Sodium 


T n 1/Io for Di 1/Io for D2 “Di <Do 
AIGES in ee Bio Leen OLR ae DS 7AOW eo oh 5 Onb13 aca On288ec en 0.441 
431. 0 acre ee Ole ae OWA24 ek OV236 acne ee ORG7D me en 0.968 
445.9). 2 eee S90 eK LOM cae O83 ee Oe Wi a toc. Sih M4 ote 1.47 


Extrapolation to 7’ = 503, that is, 230 deg C, 
shows that at this temperature (at which n = 
1.25 X 101%), the value of I/Jy for the D; line decreases 


19. Zs. f. Phys., v. 86, 1933, p. 555. 
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to 0.1 in a distance x = 0.74 cm. The value of 7 
deduced from these measurements of a is 1.5 X 
TO — sec. 
The absorption of mercury vapor for its resonance 
line 2,537 is so great that, as R. W. Wood has shown, 
a shadow is cast by a quartz bulb filled with mercury 
vapor at room temperature (pressure = 0.001 mm, 
approximately) when illuminated by the resonance 
radiation. A depth of 0.5 mm of the vapor at 0.001 
mm of mercury pressure reduces the intensity of a 
beam of resonance radiation to !/3 its initial value?°. 
Just as atoms in the normal state absorb radiation 
of the frequency corresponding to the transition 
from the lowest excited state, metastable atoms 
may be excited to higher energy states by absorption 
of radiation. For instance, the metastable neon 
atoms in state s; (see Fig. 5) may be excited to one of 
the p-states by absorption of \6,402, which is one 
of the most intense lines in the spectrum of the gas. 
It is evident, as mentioned in a previous section, 
that the reciprocal of the absorption coefficient, that 
is, 1/a, may be regarded as the mean free path for 
the collision of light corpuscles (energy quanta or 
photons) with normal or excited atoms in the gas. 
Equation 17 shows that the magnitude 1/a is a meas- 
ure of the distance in which the light intensity is 
decreased to 1/e of its original value. Hence the 
light intensity is reduced to «~*, that is, to 0.135 
of its original value in traveling a distance 2/a 
and the number of collisions in that distance is 2a. 
In the case of the resonance radiation of sodium, 1/ais 
equal to 0.32 for a pressure of sodium vapor of 0.00063 
mm (at 230 deg C). Hence the resonance radiation 
originating at the center of a 2-cm diameter tube is 
absorbed and reémitted 10 times before reaching the 
walls. Values of 7 for the resonance lines of a num- 
ber of atoms have been derived from observations on 
a and also by other methods. Table V shows some 
of the results obtained, and for comparison there are 
given in the last column, values of 7 calculated by 
means of eq 16. 


Table W—Average Life of Excited Atoms 


Atom Ain A vin Sec 7 (Calc.) in Sec 
Lithium (TA) Seance GMOS eetciek 1 De Te SMO soca 2.04 X 1078 
Sodium Nia) eee 5289685, 890 nares ate RAS AIO )eo eae er. NBGY PSS 
Potassium (K)....... 7099 OCS ets Wha fo CAN DE inlay aebae 2.67 X 1078 
Caesium (Gs) Pieeetirs $1944 2544.2). Sm: LOS a pares 3.62 X 10-8 

SDA reraeuens Bis oe. LO e caus aeon 3.29 XK 1078 
Mercury (QS ))s Gate ecccns, DESY (ae «Tet AMOS Eel OSG rr gery ore PE BS a0) 
MSAD sop o crisna RS OL oul O soreness 1.55 X 10> 
Cadmium (Cd) S26 leer ak ti SONOS s oes 4.81 X 10-9 
DOSS ran ies DO Sk lO 2.37 X 1079 


CUMULATIVE IONIZATION 


An atom in an excited state, B, may be raised to a 
still higher energy state, C, by 2 methods. 


— — 
1. It may absorb radiation of wave number vg—vc by a process 
similar to that by which absorbed resonance radiation brings about 
a transition from the normal to the first excited state—a process 
which has been discussed in the previous section. 


20. “The Origin of Spectra,’ P. D. Foote and F. L. Mohler. The Chemical 


Catalog Company, New York, 1922. 
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2. The excited atom may collide with an electron from which it 
will receive the energy corresponding to Vg—Vg, where Vg and 
Vz are the excitation potentials of the 2 states. By successive 
impacts the atom may thus be excited to continuously increasing 
energy states until finally it becomes ionized. 


This latter process of excitation and ionization 
by electrons in successive stages is designated as the 
cumulative type and plays an important rdle in all 
hot-cathode, low-voltage arcs, such as those in 
sodium vapor, neon, helium, or mercury vapor. 
It is possible, for instance, to obtain an arc in sodium 
vapor with a voltage drop slightly above 2.10 volts 
and below the actual ionization potential, 5.12 volts. 
Similarly arcs in mercury vapor may be obtained 
with a voltage drop less than 10.4. 

Obviously the rate of cumulative ionization must 
increase with both the electron current density and 
the value of 7, for the longer the “‘life’’ of the excited 
state, the greater the probability of a collision be- 
tween the atom in this state and an electron. 

Since the rate of excitation by absorption of radia- 
tion according to process (1) also increases with 
electron current density and 7, a more detailed 
investigation is necessary to determine in any given 
discharge which of the 2 processes is more effective 
in causing ionization. According to a calculation 
carried out by K. T. Compton,”!?? impact by 
photons is much more important in the case of arcs 
at low pressures. 


LIFE OF METASTABLE STATES 


In a previous section mention has been made of 
the existence of metastable states in the case of all 
monatomic vapors and gases, except those of the 
alkali metals. By impact of electrons having the 
necessary kinetic energy, it is possible to excite mer- 
cury or neon atoms to these metastable states, but 
a transition from these states to the normal, which 
is accompanied by radiation corresponding in fre- 
quency to the energy difference involved, is extremely 
improbable. In fact, according to the older quantum 
theory, such transitions were ‘‘forbidden.”’ But on 
the basis of the iiewer quantum mechanics, there does 
exist a definite probability, extremely small it is true, 
for such a transition, and this leads to values of + 
for metastable states which are of a much larger 
order of magnitude than those for other excited 
states. 

However, in a discharge, metastable atoms are 
actually destroyed in a much shorter interval of 
time, by one or more of the following processes, 
for each of which there is a high degree of probability 
of occurrence: 


1. The metastable state may be excited to a higher energy state 
by the process of cumulative ionization. f 


2. The same result may be secured by absorption of radiation, as 
mentioned already. Thus in the case of neon, the atom in the 
metastable state s; can absorb 46,148, 6,402, or \7,032. Similarly 
mercury in the *P2 state can absorb 45,461 or \8,663. In fact, ob- 
servations on the intensity of absorption of the line \6,402 have been 
used by various investigators to determine the concentration of 
metastable atoms in a neon discharge as well as the duration of 
existence of atoms in the metastable state. 

21. Phys. Rev., v. 20, 1922, p. 105. 


22. ‘‘The Origin of Spectra.’’ P. D. Foote and F. L. Mohler. 
Catalog Company, New York, 1922. 
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8. An interesting and very important process by which the con- 
centration of metastable atoms may be decreased is that designated 
as collisions of the second kind. This may be illustrated by referring 
to the energy level diagram for neon (Fig. 5) and Table II. The 
metastable state s; differs in energy from the resonance level, su, 
by only 0.05 volts. By collision with a neon atom, the atom in state 
$5 may acquire sufficient energy to raise it to the state sy. Similarly 
the metastable state s3; may lose 0.04 volt by collision to from the 
state Ss. Under special conditions such collisions may also occur 
between ordinary excited atoms and electrons with the result that 
the kinetic energy of the latter is increased while the excited atom 
returns to a lower state without emission of energy. This is evi- 
dently the reverse process of that by which an electron transfers 
its kinetic energy to an atom (which is known as a collision of the 
first kind). 


4. If there is present an admixed gas whose atoms have an ioniza- . 


tion or excitation potential lower than that of the metastable atoms, 
the latter may transfer their energy to the former. For instance, in 
a mixture of neon and argon, the metastable neon atoms (V, = 
16.53 and 16.62) can bring about ionization of argon atoms (V; = 
15.69). Similarly in an argon-mercury mixture, metastable argon 
atoms may cause ionization of the mercury atoms. 


5. Lastly, the metastable atoms are destroyed in a discharge tube 
by impact on the walls and other surfaces, where they cause emission 
of secondary electrons. The significance of this phenomenon in a 
neon discharge has been studied by a number of investigators.?*, 24 


Thus, in actual discharges the life of a metastable 
atom depends upon the conditions of temperature, 
pressure, current density, and diameter of tube. 
Under these conditions it has been found that + 
may be expressed in terms of p, the pressure, by a 
relation of the form 


il A 

See b + Bp 

where A and B are constants. The term A/p takes 
into account the rate of diffusion to the walls, while 
Bp gives rate of disappearance in the gas volume 
itself. 

While values of 7 as high as 0.1 sec have been ob- 
served for metastable states, the values obtained in 
usual type of discharges range from 107? to 10~4 
sec at pressures of a few millimeters of mercury 
and ordinary temperatures. At very low tempera- 
tures the value of 7 is increased. With increase in 
pressure from very low values, the value of 7 in- 
creases at first, and then passes through a maximum 
beyond which further increase in pressure causes a 
decrease in 7.75 


THERMAL EXCITATION AND IONIZATION 


The production of spectra in stars is evidence of 
the excitation and ionization of atoms produced at 
high temperatures. At these temperatures there 
exists an equilibrium between the rates of excitation 
and ionization on the one hand and the rates at which 
both transitions to lower energy levels and recom- 
binations occur. The relative distribution of atoms 
in 2 excited states A and B:is then given by the 
Boltzmann relation 


ma _ ga, VaclkT 
nB = ZB eV pe/kT 
= 84 .-(V4-V5)e/RT (19) 
£B 


23. C.G. Found and I. Langmuir, Phys. Rev., v. 39, 1932, p. 237. 

24. C. Kenty, Phys. Rev., v. 43, 1933, p. 181. 

25. J.M. Anderson. Can. Jl. Res., v. 2, 1930, p. 13; v. 4, 1931, p. 312; v. 7, 
1932, p. 434. 
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where 


number of atoms per cubic centimeter in state A 


ta = 
ga = “statistical weight’ of state A 
Va = excitation potential of state A 

with similar meanings for vg, gs, and Vz 
T = absolute temperature of gas 
k = Boltzmann gas constant 


As an illustration of the significance of this rela- 
tion, consider the case of sodium vapor. For the 
normal state, which will be designated by A, g, = 
1; and for the first excited state, B, g, = 2. Also 
Vz—V, = 2.10 volts. Since e/k = 11,600 deg per 
volt, 

24,360 
Nna'/Mna = 26— TT 
where Na’ denotes excited atoms in the 3P state. 

Thus at T = 4,872 deg K, the ratio of excited to 
normal atoms is 0.0134, or 1.3 per cent of the atoms 
are in the first excited state. 

On the basis of the Boltzmann distribution law, 
as stated in eq 19, Saha derived an equation for the 
degree of ionization as a function of the temperature. 
Denoting the concentration of normal atoms by 1,, 
that of singly charged positive ions by ,, and that 


(20) 


of electrons by 1, Saha’s equation has the 
form 2627.28 
loge“? = oe 25 3 logioT + 15.385 (21) 


From eq 21 it follows that at any given tempera- 
ture the degree of ionization is lower the greater /;. 
Therefore it is expected that atoms of helium, neon, 
and argon would be found to be ionized only in the 
highest temperature stars, while the ionization of 
caesium would occur in comparatively cold stars. 

Probably a considerable fraction of the light 
obtained from high pressure arcs (such as. the 
flaming and open air type and the mercury arc at 
high pressure) is due to thermal excitation and 
ionization followed by transitions to lower levels and 
recombination. In low pressure discharges the gas 
is not in thermal equilibrium with electrons and ions 
and practically all the light is due to excited atoms. 


The recombination of ions and electrons occurs only | 


on the walls and the energy thus evolved merely 
raises the temperature of the walls and contained gas 
to not over a couple of hundred degrees above room 
temperature. 

However, as will be more fully discussed in Part 
II of this paper, the electrons and positive ions in a 
low pressure discharge are each characterized by a 
“temperature” which may range from 5,000 to 
50,000 deg K, and even higher. 

26. Equation 21 is given by K. T. Compton and I. Langmuir, Rev. of Modern 
Physics, v. 2, 1930, p. 135. 

27. “Statistical Mechanics,’ R. C. Tolman. 
pany, 1927, p. 147. 


28. ‘The Origin of Spectra,’”’ P. D. Foote and F. L. Mohler. 
Catalog Company, New York, 1922, Chap. VII. 
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The second and concluding part of this paper on “Low Pressure 
Gaseous Discharge Lamps" is scheduled for publication in the 
September 1934 issue of ELECTRICAL ENGINEERING. 


In the pres- 
ent issue, radiation processes are discussed, and in Part Il, elec- 
trical conduction processes will be covered. 
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Insulator Surface 


and Radio Effects 


Because of the rapid extension of police 
radio systems, and because both electric 
power lines and police cars occupy the 
highways, the problem of power line radio 
influence has acquired an added impor- 
tance. Insulators coated with dirt, mois- 
ture, and hygroscopic salts have been found 
to cause radio disturbances at voltages 
much less than those for clean insulators. 
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Both of the University of California, Berkeley 


es high voltage insulator is an es- 
sential part of overhead circuits for the transmission 
or distribution of electric power. The adequacy of 
such circuits is judged principally by their relia- 
bility, which in turn depends largely on the adequacy 
of the insulator selected. The factors that deter- 
mine whether or not an insulator is satisfactory are 
durability, mechanical strength, ability to resist 
flashover under lightning, ability to resist flashover 
at the operating voltage when wet and dirty, and 
freedom from radio effects. 

Because of the rapid extension of police radio and 
because both power lines and police cars occupy the 
highways, the question of power line radio influence 
has acquired an added importance that makes it 
necessary to be able to separate out the causes of 
such effects and to determine their relative impor- 
tance. 

Since the wet flashover of an insulator and the 
radio effect which an insulator may cause are both 
functions of its surface properties, it was thought 
that a study of such properties should be undertaken 
with a view of learning more about the mechanism by 
means of which an arc is or may be established over 
the wet and dirty surface of an insulator, and of the 
manner in which the disturbances that affect radio 
receiving sets may originate. The ultimate objec- 
tive is an improvement in design, the establishment 
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of economic limits of performance, or both. The 
authors have been engaged in such a study for nearly 
2 years, the results of which are presented in this 
paper. 

The wet arcover of an insulator starts as an arc 
between liquid electrodes; apparently a current of 
between 30 and 60 ma is required for this arc to be 
maintained until the gap between conductor and 
ground is bridged. Surface resistance must be small 
enough to permit this current to flow. Initiation of 
the arc is assisted by electrostatic forces which dis- 
rupt water drops and pull conducting material into 
the arc path. An insulator is most dangerous and 
most likely to flash over when the water film is 
thickest. Dirt, moisture, and hygroscopic salts on 
insulator surfaces increase leakage currents to a 
hundred or more times the dry value. The resist- 
ance drop in potential between conductor and surface 
film results in breakdown of the neighboring air and 
in radio disturbances at voltages far less than those 
at which breakdown would occur if this conducting 
film were not present. 


Wet ARCOVER OF INSULATORS 


Properties of the atmosphere always are considered 
carefully by both the designer and user of an insu- 
lator. However, since wet flashover at operating 
voltage generally occurs during a fog, it was thought 
worth while to investigate the dielectric strength of 
fog laden air to see if it departs from normal and may 
be a cause of breakdown. 

Sparking voltage-distance curves were determined 
for needle gaps on several different occasions for the 
dense sea fogs of central California. Observations 
were made on the summit of Twin Peaks in the 
western part of San Francisco, about 3 miles from the 
Pacific Ocean. In each test the curve corresponding 
to 100 per cent humidity was obtained, indicating 
that the dielectric strength of air under such condi- 
tions is a maximum, and of itself cannot be directly 
a cause of arcover. This is in agreement with other 
experimental evidence and with the accepted theory 
that the otherwise free ions in the atmosphere are 
trapped by fog and vapor particles and rendered less 
mobile, with the result that a higher voltage is 
necessary to cause breakdown. 


INITIATION OF AN ARC 


A power arcover on a wet and dirty insulator 
starts as a weak low-current high-voltage arc, the 
current of which is limited by the ohmic resistance of 
the water film in series with it. Laboratory experi- 
ence indicates that about 60 ma is the minimum 
current at which such an arc will not be blown out 
automatically. Therefore, for an insulator to be in 
a dangerous condition, it is necessary that the con- 
ductivity of the surface film, as influenced by both 
its thickness and the presence of dissolved conducting 
material, be at least sufficient to permit a current of 
60 ma to flow. Such an arc also must start at a high 
resistance point on the insulator surface or between 
ribs, shells, or petticoats, and generally between 
boundaries of the water film. This means that the 
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are terminal electrodes are liquid. To what extent 
the properties of such electrodes may affect the 
development of an arc is believed to be unknown. 
To shed some light on this question the following 
experiment was performed. 

The sparking voltage-gap length curve at 60 
cycles was determined for an air-gap between 2 
horizontal brass strips approximately '/, in. thick and 


SALT WATER 3% 


BRASS STRIP 1x £-IN. CROSS SN 


GLASS STRIP 1XZ-IN. 
CROSS SECTION 


Fig. 1. 


Arrangement of liquid electrodes 


1 in. wide. This same curve then was determined 
immediately for liquid electrodes of the same dimen- 
sions. Liquid electrodes were established by placing 
thick water films on glass after the manner indicated 
in Fig. 1. The 2 curves obtained are shown in Fig. 2; 
they are believed to be significant. In performing 
this experiment it was discovered immediately that 
when the voltage is high enough (for these tests about 
30 kv) the liquid film at its boundaries is disrupted by 
electrostatic forces, with the result that conducting 
material is sprayed into the gap. Beyond this point 
arcover takes place with a relatively small increase in 
voltage for increasing gap length. Up to this point 
the arcover voltage for both liquid and solid elec- 
trodes is approximately the same. Further work 
will include the study of solutions containing ma- 
terials that lower the surface tension, which should 
result in arcover taking place at correspondingly 
lower voltages. 

In observing the flashover of a dripping wet sus- 
pension insulator the function of water drops as point 
dischargers is strikingly evident. By allowing a 
single drop of salt water to roll off the top surface of 
such an insulator it is easily possible to reduce the 
arcover voltage by 30 per cent less than that obtained 
in the standard A.I.E.E. wet test. 

As an insulator becomes wet in an approaching 
fog, there is first a complete redistribution of voltage 
with the appearance of highly overstressed zones 
which ‘“‘spit’’ vigorously. This is the period of 
nervousness for an observer but of safety for the 
insulator because the surface resistance is still too 
high to permit the development of an arc. As 
moisture is accumulated the insulator quiets down 
and may become entirely black with no electrical 
overstress. Its condition now is dangerous because 
the surface resistance is low enough to permit the 
development of an arc, once started. 

On a foggy night hot yellow arcs have been ob- 
served to flash from a suspension insulator string 
that was perfectly black and showed no evidence of 
overstress, travel half the length of the string, and 
blow out. One of the authors was fortunate enough 
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to observe the flashover in service of a large 4-part 
bus insulator operated at a line voltage of approxi- 
mately 66,000 kv, or not more than 38 kv to ground. 
The nominal wet flashover voltage of this insulator 
under A.I.E.E. test conditions would have been at 
least 130 kv. Flashover occurred during a heavy fog 
when everything was dripping wet. The insulator 
itself was perfectly dark and showed no sign of 
overstress, but arced suddenly and without any 
warning whatsoever. 

In summary, it is believed that the flashover of a 
wet and dirty insulator starts as a weak high-voltage 
arc, generally between liquid electrodes. The cur- 
rent is limited by the resistance of the surface film, 
but the disruption of this film at some point by 
electrostatic forces probably facilitates the initiation 
of the arc. An insulator is believed to be most 
dangerous when completely wet and showing no sign 
of overstress. 


Rapio INFLUENCE 


It is a matter of common knowledge that, under 
certain circumstances, electric power lines may 
radiate electromagnetic waves that affect radio 
broadcast reception. The source of such radiation 
is generally the partial failure of a dielectric, whether 
it be air, oil, or solid insulation, resulting in a dis- 
ruptive static discharge. This discharge may occur 
as corona into the air from conductor and fittings, 
through oil, through the cracked shell of an insulator, 
or through partially punctured coil insulation, about 
the conductor of a dry type bushing, from the cap 
lips, clevis bolt, or cotter key of a suspension insu- 
lator to the shell of the unit above it, as corona about 
the wire or pin of a pin type insulator, across loose 
joints in the hardware of wood construction, or over 
the surface of a dirty insulator in humid weather. 

Circuits involved in generating this disturbance 
are indicated schematically in Fig. 3, in which R is 


C3 


BREAKDOWN VOLTAGE IN KV 


= 


Fig. 3. Schematic repre- 

sentation of the genera- 

tion of electromagnetic 

radiations that cause radio 
effects 


AIR GAP LENGTH IN CM 


Fig. 2. Air gap-voltage 

curves for metal and liquid 

electrodes of similar di- 
mensions 


the line impedance, C line capacitance, and Ci, C2, C3 
the successive portions of a series of dielectrics. 
Upon the breakdown of Ci, represented by the 
discharge of gap g, capacitance C immediately dis- 
charges into capacitances C,.and C; in series, resulting 
in a sudden change in the electric field that is propa- 
gated as an electromagnetic wave. 

Experience indicates that, in general, corona into 
the air will cause very little radio effect, because the 
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breakdown is gradual, not of the type indicated in 
Fig. 3, and the rate of energy transfer is small. 

Referring again to Fig. 3, if capacitances C, and C; 
be shunted by a resistance, the value of which is low 
in comparison with the impedance of the capacitances, 
a disproportionate voltage will be thrown upon 
capacitance C; and gap g with the result that the gap 
will break down at a much lower voltage than if the 
shunting resistance of capacitances C, and C3 were 
absent. 

In practice, such a condition exists when the sur- 
face of an insulator becomes coated with a conducting 
film. The resistance of this film corresponds to a 
resistance that has been assumed to be shunting 
capacitances C, and C3. Capacitance C; is repre- 
sented by the electrostatic capacitance between insu- 
lator cap or tie wire and the surface film. A pin 
type insulator therefore should exhibit corona at the 
tie wire at a much lower voltage when its surface is 
coated with a conducting film than when it is not so 
coated. 


LABORATORY EXPERIMENTS 


In order to establish the truth or falsity of this 
conclusion, experiments were performed on glass 
plates to which were applied electrodes of conven- 
tional forms. Insulators near the sea coast were 
washed, and the wash water carefully was saved and 
applied to the glass surface so as to deposit thereon 
the same amount of solid material per unit of area as 
was found on the insulator. 

Since the breakdown over an insulator surface as 
a cause of radio effect is the subject being studied, 
the performance of the film coated surface was 
compared with that of the clean surface by applying 
voltage to the electrodes and passing the combined 
leakage and charging current through the primary 
of a radio frequency transformer, the secondary of 
which was connected to the antenna circuit of a 
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radio receiving set. The conductivity of the surface 
film is almost wholly dependent upon the amount of 
absorbed water, which in turn depends upon vapor 
tension and atmospheric humidity. Therefore, all 
tests were performed on both the clean and coated 
plates enclosed in a box wherein the humidity could 
be controlled within fairly close limits. 
The test specimen consisted of a stack of 3 1/,-in. 
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glass plates with conventional electrodes on opposite 
sides. The bottom electrode was a round brass 
plate, the top one a 2-in. brass disk in the center of a 
6-in. annular ring. Electrodes used and _ their 
assembly are shown in Fig. 4. 

The purpose of the annular ring was to provide a 
definite path, uniform in all directions, for leakage 
currents. For one series of tests, the glass surface 
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Fig. 5. Schematic diagram showing arrangement of 
equipment for laboratory tests 


between the central electrode and annular ring was 
covered with wash water from dirty insulators taken 
from a line near the sea coast, so that, when dried, it 
would have exactly the same quantity of dirt and 
other material per unit of area as the average for the 
insulator surfaces in the field. The surface coating 
of these insulators was analyzed in terms of insoluble, 
incombustible material, which means sand and clay, 
and of chloride ion. The relative occurrence of 
these is: 1.0 milligram of dirt per square inch of 
surface, and 0.035 milligram of chloride ion. All of 
the material present on the insulator surface was 
transferred in proper amount to the glass surface. 
This gave the opportunity, by making observations 
with clean and dirty plates, of determining the effect 
of dirt and salt on the energy of the radio effect and 
on the voltage at which breakdown occurs. 

The electrostatic capacitance of the electrode 
assembly with 3 1/s-in. glass plates is 25 wuf. This 
is about double that of a standard pin type insulator 
between the pin as one electrode and conductor and 
tie wire as the other, so that initial corona for clean 
surfaces should occur at a lower voltage than for an 
insulator. 

Arrangement of apparatus for these tests is shown 
schematically in Fig. 5, and a photograph of the 
actual laboratory set-up in Fig. 6. The humidity 
control box was cubical, 3 ft on a side, and com- 
pletely air tight. The air was circulated through an 
external pipe 3 in. in diameter by a small motor 
driven fan. The air entering the humidity box was 
forced through the control chamber in which a wire 
basket containing lumps of calcium chloride for 
drying the air could be inserted. Another basket, 
containing damp rags suspended in water replaced 
the calcium chloride basket when high relative 
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humidities were desired. The relative humidity in 
the box was determined by wet and dry bulb ther- 
mometer readings from thermometers inserted in the 
air pipes at the entrance to and the exit from the box. 
With this arrangement, relative humidities of from 
about 20 to 95 per cent are easily obtainable. 

The transformer used was a 440/2,400-volt 3-kKva 
power transformer. The power supply was a 220- 
volt line, which was connected to the transformer 
through a 1'/,)-kva induction regulator. The high 
voltage was introduced into the box through bushings 
in the side and top. 

The radio pick-up coil was a radio frequency trans- 
former, the primary of which was inserted in series 
between the power transformer and the specimen. 
The secondary of the coil was designed to have the 
same inductance as the loop antenna used in field 
observations in order that the same radio set could 
be used for the laboratory tests that was used in field 
observations. The output circuit of the radio and 
the oscillograph used were the same in the field tests. 

This method of testing for radio effect caused by 
dielectric breakdown, so far as the writers know, 
was originated by Prof. F. O. McMillan (Oregon 
State College, Corvallis) and Mr. R. J. C. Wood 
(Southern California Edison Company, Los Angeles). 

The test procedure consisted in establishing a 
desired humidity, then applying voltage to the test 
specimen, measuring the input to the radio set as in 
the field tests, and taking oscillograms. Surface 
resistance also was determined with a megger. 

Results are given in the oscillograms, in the curve 
of Fig. 7, which shows the relation between relative 
humidity and radio effect for the dirty surfaces, and 
in Tables I and II. A striking difference between 
the performances of clean and dirty surfaces is 


Fig. 6. Laboratory apparatus 


illustrated clearly in the observations recorded in 
Table II. 


FIELD MEASUREMENTS 


Field measurements of radio influence which, as 
will be shown later, are correlated closely with the 
laboratory tests, were made at Muir Beach, Calif., 
from a tap of the 11-kv Alto-Bolinas circuit of the 
Pacific Gas and Electric Company. This particular 
circuit was selected because of its isolation and 
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freedom from many possible sources of disturbance; 
because at its operating voltage pin-hole and tie-wire 
corona would be absent if insulators were dry and 
clean; and because the insulators are exposed to a 
known type of contamination, salt spray from the © 


Fig. 7. Effect of relative 
humidity on interference 
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ocean. Results of these measurements are given in 
Table III. The data therein recorded show exactly 
the same variation of radio effect with humidity as 
was found in the laboratory tests. Hours are re- 
quired for the effect of a change in humidity to 
become manifest so that the 12:15 reading of October 
17 still shows some radio effect which entirely dis- — 
appeared in the subsequent readings at 4:30 and 
7:45. 

On November 26, insulators were washed by hand. 
The 12:10 reading was taken immediately before 
washing. The readings of December 2 show the 
absence of radio effect with the clean insulators even 
though the humidity was comparatively high. The 
reading of May 10 was taken at another part of the 


Table I—Surface Resistance of Clean and Coated Glass 
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Surface Relative 
Resistance, Humidity, Center © 
Surface Condition Megohms Per Cent Electrode 
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Table Il—The Results of Laboratory Tests on Clean and 
Coated Glass Surfaces 


Magnitude of Relative 


Radio Effect, Humidity, Center Applied 
Surface Condition Microyolts Per Cent Electrode Volts 
Coated, Muir Beach film.... .4,250.......91......Round edge.......2,500 
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Cleans Sun ein crate etiene tone Lees 4 ....Sharp edge........7,000 
Cleator se cnc ne te 68 sas tots A OOS ek 85 . .Sharp edge........7,000 
line. The effect found at that station probably 


resulted from one or more cracked insulators. The 
reasons for believing this to be the case are given 
later. 

With respect to the magnitude of radio influence 
recorded in Table III, attention is called to the fact 
that the loop antenna used as a pick-up was within 25 
ft of the 11-kv conductors and within 35 ft of the top 
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© 
of the transformer pole. In order to obtain readings 
as large as possible the loop antenna was placed as 
near the source of disturbance as it was possible to 
Bet it. 

It is a matter of common experience that power 
line disturbance diminishes in intensity at a high 
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rate with distance from the line and it is rarely 
evident at distances greater than 300 ft. That was 
true in this case and was confirmed by repeated 
visits to the residences of nearby consumers con- 
nected to this circuit. Their receiving sets were 
much more sensitive than the one used in these 
measurements. At no time was the effect audible in 
their sets except when tuned to stations a thousand 


Fig. 8. Allto-Bolinas 11-kv 
circuit 


Table Il|—Field Measurements of Radio Disturbance on the 
Muir Beach Tap Line 
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miles or more distant and then it was of the same 
order as static from the atmosphere. 

An interesting and altogether unexpected dis- 
covery is the fact that the radio effect was tuned very 
sharply at the 5 frequencies recorded in Table III. 
No explanation for this is offered. On other circuits 
sharp tuning also has been found, but in no other case 
within the authors’ experience has the effect been 
limited to so few frequencies. 

Had it been possible to continue the tests recorded 
in the curve of Fig. 7 to 100-per cent relative hu- 
midity, the curve would drop from a sharp peak 
suddenly to zero, for the reason that when the con- 
ducting film of moisture became heavy enough to 
function as a resistance without breakdown where it 
joins the electrode, all sudden current changes 
would cease and with them all radio effect. It is 
characteristic of power line radio influence caused by 
insulator surface breakdown resulting from dirt and 
moisture to increase with humidity, reach a maxi- 
mum, and then decrease as insulator surfaces become 
thoroughly wetted. This was particularly true of 
the circuit observed at Muir Beach. In the latter 
stage, heavy power arcs would occur between shells 
or between petticoats of the same shell; but, al- 
though they occurred repeatedly at Muir Beach and 
were almost directly overhead, in no case did they 
cause any disturbance in the radio. 

Yager (see “Electrical Leakage over Glass Sur- 
faces,’ Bell Laboratories Record, v. 12, Oct. 1933) 
gives curves for adsorption on clean glass surfaces and 
for electrical conductivity that bear a strong resem- 
blance to Fig. 7. He also calls attention to the time 
required for adsorption to take place. The same 
effect was observed with dirty film employed in the 
laboratory tests and in the field observations of 
October 17, Table III, previously referred to. 
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The influence of dirt in the form of finely divided 
clay or sand has not been determined, but is probably 
important as establishing points for electrical dis- 
charge to take place. Ona clear night, with a light 
dew, 11-kv insulators along the sea coast have been 
observed to be faintly luminous, silhouetted against 
the sky by a line of pale blue light. Breakdown was. 
occurring over the entire surface of these insulators. 
at an average voltage gradient of not over 400 volts. 
per inch, crest value. 
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Murr BEACH TAP OF THE ALTO-BOLINAS LINE 


Location of the line and of the section used for test 
and observation at Muir Beach are shown in Figs. 8 
and 9; Fig. 10 shows construction typical of the line. 
Important data are: 


IViG Ita Sela srepecess ers Ghcdesceacn Pitts Ay seeks Aserehe 11 ky, single phase, 60 cycles 
WenotimoOrs isolated asectiOnian ae aac nn cok oman sar corso waeeal. 3,400 ft 
INIT ET ZOLA POLES ha MONON O eNa ares ne. Td Mee Ry nt OI Sete 22, 
PitiEehy Pus ators (HCl) neveg: wees © cheats seedy 1 cee cena aye eer 95 
sranislOumi er Clit-Oll tSesgan terete ees Aare ners ee bee Si av-an Schon amelie PeMeNeLS 8 
Suspension insulators in dead-end position..................... 48 
TNR Ley aaa re S Bed hee aL Saeco CER OR Srcron on oT nO cliere nreOR cr 8 4 
Hichwoltarertrancronmer DuShings sane eee eens el cress 8 


As indicated on the map, the line is near the sea 
coast, at a distance from it varying from 300 yards to 
1/, mile. As shown in Fig. 9, the test section was a 
single-phase line and electrically isolated from the 
rest of the circuit by 2 transformers stepping the 
voltage down from 11,000 to 220 and back again. 
The purpose of this transformation was to exclude, 
if possible, the disturbances that otherwise might 
have been carried into this section by conduction 
from other parts of the circuit. heir efficacy in this 
respect was not determined. 


TrEst METHODS AND EQUIPMENT 
USED IN THE Murr BEACH OBSERVATIONS 


The observation station was directly under the 11- 
kv line and about 20 ft west of the base of the trans- 
former pole (see Fig. 9). The 2 11-kv wires were 
about 20 ft overhead. Figures 10 and 11 show the 
observation station. 

The pick-up was a loop antenna which fed directly 
into a Radiola model 25 receiving set which had been 
completely shielded. The loop was tuned with a 
variable air condenser in the radio set. In series 
with one side of the loop was a 1l-ohm resistance 
across which the output voltage of a standard signal 
generator could be impressed. The output of the 
receiving set fed into a speaker transformer. Across 
the output side of the speaker transformer was a 
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Figs. 10 and 11. 
Observation  sta- 
tion at Muir 


Beach 


OUTPUT 
TRANS- 
FORMER 


RECTIFIER TYPE 
A-C VOLTMETER 


RADIO 
RECEIVER: 


Fig. 12 (above). 
in the Muir Beach field tests 


Arrangement of equipment used 


Fig. 13. Insulator used on 
the Muir Beach tap, 1933 


speaker, a head-set, and a rectifier type of alternating 
current voltmeter. A switch in the speaker circuit 
was included for shutting off the speaker in making 
measurements of low interference levels. A po- 
tentiometer was used across the output transformer 
to vary the sensitivity of the output meter. A 
schematic diagram showing the arrangement of the 
equipment is shown in Fig. 12. 

The Radiola model 25 is a 6-tube superheterodyne, 
using dry cell batteries which were incorporated 
within the shielded box. It has 2 tuning dials, one 
for tuning the loop, the other for tuning the oscil- 
lator. In addition, it has a volume control and a 
filament voltage control. 

The standard signal generator consists essentially 
of 3 parts: an oscillator, an output meter, and a 
calibrated attenuator. The oscillator is tuned by a 
variable air condenser and modulated 30 per cent at 
400 cycles per second. The output of the oscillator 
is measured by a thermal microammeter; the meas- 
ured output then was attenuated by a calibrated 
attenuator. 

The following procedure was used in making a 
measurement of the radio influence level: The radio 
set was tuned to the disturbance and the volume 
control adjusted to give a convenient deflection on 
the output voltmeter, the loop antenna being turned 
for maximum pick-up. The loop antenna then was 
rotated about 90 deg to zero pick-up. The signal 
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generator then was turned on and tuned to the 
frequency of the radio set. The output of the signal 
generator was adjusted to give the same deflection 
of the output meter as was caused by the radio dis- 
turbance, and the output and attenuation factor of 
the signal generator was recorded. 

When the foregoing procedure had been completed, 
the microvolts induced in the loop antenna by the 
radio disturbance were equal to the microvolts 
inserted in the loop circuit by the signal generator, 
modulated 30 per cent at 400 cycles per second. 
The 1-ohm resistance in the loop circuit, across which 
the output voltage of the signal generator was ap- 
plied, gave an additional attenuation factor of 10 
for the signal generator output which was duly con- 
sidered in the computations. 


Fig. 14. Oscillogram of power line radio dis- 
turbance at Muir Beach as recorded at the output 
of the radio receiver 
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Fig. 15. 60-cycle timing wave for Figs. 14, 16, 
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Figs. 16 and 17. Oscillograms of output of radio 

receiver obtained in the laboratory with coated 

glass surface and rounded inner electrode; 2,500 
volts applied 


Lower oscillogram (Fig. 17) taken with half-wave rectified 
voltage; inner electrode positive 


When the oscillograms were made in the field, the 
output transformer of the radio set was replaced by a 
different output transformer which matched the 
impedance of the output of the radio set to the input 
impedance of the oscillograph. The oscillograph 
used was an “‘Osiso.”” Panchromatic motion picture 
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film was used in the camera, which was driven by a 
synchronous motor through a belt. 


ANALYSIS OF SUBSTANCES FOUND 
ON SURFACES OF MurIr BEACH INSULATORS 


Selected insulators carefully were removed from 
the pole top by a lineman who handled the insulators 
with a clean cloth in order to avoid contamination 
from handling. An insulator was placed in a large 
thoroughly clean, enameled pan, and washed with 
distilled water, using a clean test tube brush for 
scrubbing the surface. The water used in washing 
the insulator had been tested previously for chloride. 
Two insulators were washed for each sample. Three 
samples collected on October 24, 1933 were tested 
first. 

A large amount of insoluble material was found on 
the insulator surfaces. Each wash water sample was 
filtered carefully through weighed filter papers. The 
total amount of insoluble material per sample was 
determined by weighing the dried filter paper and its 
contents. The filter paper then was ignited and the 
combustible material, which was essentially organic 
matter, was burned out of the sample. The residue, 


consisting of inorganic or uncombustible material, 
was weighed. 

The filtered wash water was analyzed quantita- 
tively for chloride and magnesium. The chloride 
content was determined volumetrically using silver 
nitrate of known concentration and dichlorofluores- 
A second method, used as a check, 


cein indicator. 


Fig. 18. Oscillogram of output of radio receiver 

obtained in the laboratory with clean glass surface 

and sharp-edge inner electrode; 7,000 volts 
applied 
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Fig. 20. Oscillogram of power line radio dis- 
turbance (output of radio receiver) at a point 10 miles 


from Muir Beach 
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consisted of adding excess silver nitrate and back- 
titrating with potassium thiocyanate using ferric 
alum as an indicator. The magnesium content was 
determined volumetrically using the 8-hydroxquino- 
line method. 

The total insoluble material per insulator was 
found to be 0.41 g of which 0.07 g was organic matter 
and 0.34 g was inorganic. The chloride content per 
insulator was about 0.011 g and the magnesium 
content was found to be about 0.0024 g per insulator. 

A second set of samples, collected March 17, 1934, 
was found to contain 0.0107 g of chloride per insu- 
lator and 0.0022 g of magnesium. The amount of 
insoluble material was not determined. 


DISCUSSION OF RESULTS 


Laboratory and field tests seem to demonstrate 
conclusively that because of the heavy leakage cur- 
rent a coating of hygroscopic material on the sur- 
face of an insulator promotes, such a coating can 
cause an electrical breakdown at overstressed termi- 
nal electrodes at a voltage very much lower than that 
at which it would occur if this coating were not 
present. 

On the Muir Beach insulators the hygroscopic 
material was magnesium chloride. Analysis of the 


deposit showed a ratio of magnesium to chloride ion | 


of 4 times that found in sea water, indicating a pref- 
erential tendency for the magnesium chloride to 
stick to the insulator surface. The most plausible 
explanation is that other salts, like sodium chloride, 
can dry out and blow away, whereas magnesium 
chloride, which never completely dries out, will 
remain adherent. It is possible also that the electric 
field and space charges play an important part in 
causing the magnesium chloride to stick. 
Oscillograms were taken at all 5 frequencies at 
which radio influence was observed at Muir Beach; 
they are so nearly alike that only one, Fig. 14, is 
presented. Direction of time in Fig. 14 is opposite 
to that in all of the other oscillograms. The 60-cycle 


Fig. 21. Oscil- 
lograms obtained 
in the laboratory 
for clean glass sur- 
face and sharp- 
edge inner elec- 
trode; 5,800 

volts applied 
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oscillograms establish time intervals. In only the 
oscillograms of Figs. 21 and 22 were 60-cycle wave 
forms taken simultaneously with those of the audio- 
requency output of the radio set. 

That the radio effect established in the laboratory 
and that measured in the field were ascribable to the 
same cause would seem to be established by the 
humidity-intensity relationship and by the marked 
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and 17. 

Breakdown, when it occurs, takes place with equal 
suddenness, whether the insulator surface be coated 
or not; the only effect of the coating is to make it 
occur at a lower voltage. This is indicated by the 
similarity of the audio-frequency output in the 
oscillograms of Figs. 18 and 22. Figure 18 is for 
sharp-edged inner electrode on clean glass with 
7,000 volts applied; Fig. 22 for rounded inner elec- 
trode on coated glass with 2,500 volts applied. 
The polarity effect ismarked. Tests with a kenotron 


and half wave rectification indicate that the pro- 


nounced breakdown shown in Fig. 22 occurs when the 
inner electrode is positive. 

Leakage current with coated plate is shown in 
Fig. 22, while Fig. 21 shows the charging current 
with a clean plate. In both cases the current rush at 
breakdown is so small as generally not to be recorded; 
this means that it must occur with extreme sudden- 
ness. The current recorded in Fig. 21 was of the 
order of one milliampere and required an element of 
maximum sensitivity, as did Fig. 22. 

The oscillogram of Fig. 20 was taken under the 
Alto-Bolinas line about 10 miles from Muir Beach, on 


Fig. 22. Oscil- 
lograms obtained 
in the laboratory 
or coated glass 


surface and 5 

rounded __ inner 1, Scena Suc. 

electrode; 2,500 ee 2 

volts applied Radia Ovreur 5-94-34 #4 > 

May 10, 1934. It is quite different from the Muir 


Beach oscillograms of which No. 7 is typical, but 
similar to what the radio set output of Fig. 21 would 
have been if amplified. Since Fig. 21 gives the 
breakdown over a clean surface, the inference is that 
the disturbance recorded in Fig. 20 was caused by a 
cracked insulator. The Muir Beach insulators were 
all new, whereas only a short span length from where 
the oscillogram of Fig. 20 was taken were suspension 
insulators known to be more than 20 years old. 

Testimony of operating men and a survey of power 
line radio effects covering half the state of California 
and circuits at all voltages from 11 to 220 kv, indicate 
that dirt, soluble salts, and humidity are among the 
principal factors causing power line radio influence 
in this territory. 

Corona into the air seems to cause little disturb- 
ance. The breakdown is gradual, the rate of energy 
transfer slow, and there is no sudden charge or dis- 
charge as of a capacitor. 

As to remedy, one, long known and expensive, is 
to keep insulators clean. Some of the protected or 
low capacity types of insulators recently brought on 
the market may be of value. 
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similarity of the oscillograms shown in Figs. 14, 16, . 
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The 


~ Insulator String 


A series of tests on suspension insulators 
for power transmission lines is described in 
this paper, and results are given which 
should be of interest to design engineers. 
The tests made included long-time fatigue 
tests, the distribution of voltage over the 
insulator string, and the flashover voltage 
when some of the units are electrically de- 
fective. 


By 
R. W. SORENSEN 


FELLOW A.1.E.E. 


Calif. Institute of Technology, 
Pasadena 


Te insulator string as used on 
yower transmission lines has been chosen for dis- 
uussion because any progress made in standardizing 
he insulator unit itself, the number of units per 
tring for any given voltage, and the supplementary 
ppurtenances used in connection with them on 
ransmission lines will be of value to engineers 
esponsible for the design of such lines. 

As an example of the need for some agreement on 
hese points, consider a 230-kv transmission line, 
everal of which have been built and operated for 
, number of years. Apparently agreement is found 
m one point only; namely, suspension insulators 
vill be used. Also, it is found that the 10-in. insulator 
vith a distance spacing along the string of 53/, in. 
s the popular unit. 

With this discussion limited to the insulator 
tring and the units which comprise it, the features 
vhich determine the selection of the unit will first 
ve considered. A.I.E.E. Standards No. 41 pre- 
cribe certain tests which enable the determination 
f the relative ability of insulators to render service. 
The tests prescribed, however, cannot tell the whole 
tory, because such factors as the relation between 
hort time mechanical loading tests and long time 
nechanical loading service, the number of units per 
tring and the desirable distance spacing per unit 
long the string do not come within the scope of 
hese rules. 

This paper presents the results of some long-time 
atigue tests on 10-in. insulators, and tests showing 
he voltage distribution and the flashover voltage 


ull text of a paper recommended for publication by the A.I.E.E. committee on 
ower transmission and distribution, and scheduled for discussion at the 
I.E.E. Pacific Coast convention Salt Lake City, Utah, Sept. 3-7,1934. Manu- 
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for insulator strings made up of these units when 
there are electrically defective units in the string. 


INCONSISTENCIES SHOWN IN PRACTICE 


An examination of the design data for various 
230-kv transmission lines which have been built 
discloses the fact that insulator strings varying from 
11 units per string to 18 units per string with con- 
ductor spacing varying from 17 ft 6 in. between 
conductors to 28 ft between conductors, are used. 
With full allowance made for all the variations 
in operating conditions, if 11 and 12 insulator units 
per string and 17 ft 6 in. spacing are satisfactory, 
as seems to be the case, on the original Big Creek 
lines, one naturally is somewhat puzzled to under- 
stand why other lines need 18 units per string with 
the consequent large spacing between conductors 
and the heavier towers required for strings of such 
length. 


APPARATUS FOR LONG-TIME FATIGUE TESTS 


The long-time fatigue tests were made with the 
apparatus shown in Fig. 1. (For a description of 
the apparatus, see ‘Insulator Research,” by R. J. C. 
Wood, N.E.L.A. Proc., v. 83, 1926, p. 963-8.) 

The apparatus is so constructed that one set of 
weights loads 2 strings, thus making the loading 
of one string of a pair dependent upon that of the 
other. The design is such that the 2 strings have 
different loading; hence, when the string with the 
greater pull is adjusted to give a certain rate of 
failure on the units, the rate of failure on the units 
of the other string will be lower. This is a good 
arrangement in that it furnishes a check regarding 
the tension to be used to get a satisfactory rate of 
failure. 

Four strings of 20 units each can be set up in the 
apparatus at one time and each of the strings, 
for the tests being described, comprises 5 groups of 
insulators, each group consisting of 4 identical 
units. At the start of the test 16 units were selected 
at random from samples submitted by each manu- 
facturer, these 16 units being divided into 4 groups 
of 4 units each, one of the groups being placed in 
each of the test strings. The weights at the end of 
the lever arms were then adjusted to give the ten- 
sions shown in the load-time test graphs of Figs. 
2-5. These figures show the load in pounds on the 
string and number of days the load was applied to 
the particular string which the figure represents, 
and the time of failure for each of the units. It is 
intended to continue the test until all the insulators, 
16 of each make, are tested to failure, either electrical 
or mechanical. 


DEFINITIONS OF FAILURE 


The term electrical failure as applied to these 
tests is used to designate the fact that the insulator 
will no longer stand a flashover test, but breaks down 
by puncture when voltage is applied. A flashover 
voltage test was applied to every unit at the start 
of the test and whenever any change was made in the 
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string. Also the electrical integrity of every unit may have shortenéd the life of some of the units” 
on the test was determined at stich intervals as of the string as compared to the life these same 
seemed desirable by the application of sufficient units would have had under a steady load. This 
voltage to cause flashover. Thus, while the voltage feature, however, should not lessen the value of the 
was not applied continuously, it was applied at 
least once each day and at times when the rate of 
failures was high, the flashover test was applied 
several times per day. 

The term mechanical failure means a failure of 
the insulator such as would drop the line conductor. 
All the mechanical failures did not involve electrical 
failure because in some cases the cap pulled off the 
porcelain or the pin pulled out without causing a 
fracture through the body of the insulator. 


REPLACEMENT OF INSULATORS ON TEST 


Whenever an insulator failed electrically or 
mechanically it was replaced by a new unit and the 
test continued. This plan, of course, made it 
necessary to unload and reload again the remaining 
units of the string at each failure, a condition which 


LOG OF TEST Numbers on horizontal 
lines identify the insu- 
lator unit 


Arrows at end of 
lines show time of 
insulator failure 


Dots show immediate 
failure when load was 
applied 


P—Pin pulled 


Fig. 1. Apparatus used in the long-time fatigue 
Geers aulled tests on suspension insulators 


S—Porcelain shear 

Roman numerals show 

string to and from Figs. 2-5. Long-time fatigue tests on insulators, 

which insulator was showing load-time curves and time of failure of each 
transferred unit of the insulator string 
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Fig. 3. Results of tests on string | Fig. 4. Results of tests on string III Fig. 5. Results of tests on string IV 


1222 ELECTRICAL ENGINEERING 


ests because all units were subject so far as possible 
o identical conditions and in actual use on the line 
nsulators are certainly subject to changes in load, 
hough the changes are, of course, of lesser range. 
\t all times the loading and unloading was done 


—— WITH GUARD R 
—-—— WITHOUT GUARD R 


4 15 16 7 18 


AERO My OM aloe Ore On Oley leele 13, 
NUMBER OF UNITS —FROM GROUNDED END 


Fig. 6. Curves of voltage distribution on suspension 
insulator strings made up entirely of good units 


lowly and great care was taken to avoid sudden 
shock to the units. 
The apparatus is provided with dash pots to 


avoid shock when a unit in a string breaks. 


RESULTS OF FATIGUE TESTS 


In starting the tests, as shown by Figs. 2 to 5, 
small loads were applied to detect any weak units 
or damaged units and to provide opportunity for 
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UNIT NUMBER — FROM GROUNDED END 

Fig. 7. Curves of voltage distribution on suspension 

insulator strings, using same data as in Fig. 6, but 

indicating the percentage of total voltage across 

each unit 


perfecting the technique of testing before any 
‘failures could occur. It will be noted that the lowest 
tension at which any mechanical failure occurred 
was 8,000 lb and that there were several such 
ailures as time went on at from 8,000 to 10,000 Ib 
oad, a condition of considerable concern to engineers 
‘esponsible for lines located in places where sleet 
and wind loads approach these values. 
There were also a few electrical failures on insu- 
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lators at the lower mechanical load values, but these 
showed a greater division among the several lots 
tested and therefore may properly be charged to the 
inherent difficulty of obtaining a uniformity of 
product rather than to methods of assembly, the 
particular kind of material used in the insulator, or 
to the insulator design. (See ‘“‘Testing Insulators 
to Assure Continuous Service’ by R. W. Sorensen, 
Elec. Wid., v. 70, 1917, p. 426-8.) Thus it may be 
said that while great progress has been made in the 
manufacture of porcelain, the material used most for 
insulators both as to maximum quality and uni- 
formity, there still seems room for the development 
of technique in manufacture or perhaps change to 
materials yet to be found which will enable one to 
make a more uniform insulator. 

There was only one mechanical failure of any 
porcelain insulator with caps and pins attached by - 


Fig. 8. Curves of 1£*° | 
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cement. In this instance the cap pulled off the 


porcelain, a type of failure which must have been 
due to poor workmanship in applying the cement. 
All the insulators used for these tests were specified 
as insulators capable of standing a pull of 15,000 Ib 
or more on the short-time mechanical-electrical 
test. It is interesting to note that the life of those 
units which were rated for loads somewhat higher 
than 15,000 lb for the mechanical-electrical test 
did not show oi the long-time test any great ad- 


— |2 UNITS, GUARD RINGS 
--— UNIT NO.12 SHORTED 
—-— UNITS.6 &7 SHORTED 
---~ UNIT NO. 7 SHORTED 
——UNITS Il &l2 SHORTED 


Fig. 9. Curves of 
voltage distribu- 
tion across sus- 
pension insulator 
strings similar to 
those of Fig. 8, 
except each de- 
fective unit is 
shorted out 


PER CENT OF TOTAL VOLTAGE PER UNIT 
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vantage over the others. The units tested which 
had the caps and pins attached to the insulating 
material by means of metal alloy rather than Port- 
land cement did not give as good performance on the 
long time test as did the cemented units, and there 
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is some indication that on the long-time tests this 
metal tends to flow beyond the desired point of 
evening up the stress and thus causes a weakening 
of the insulator. 


DISTRIBUTION OF VOLTAGE OVER THE STRING 


In addition to the mechanical tests on the insulator 
units, the study forming the basis of this paper 
includes an analysis of the distribution of voltage 
over the various units of the insulator string, par- 
ticularly for strings in which there are damaged 
units. 

Results of a few of the typical arrangements 
tested, are shown in Figs. 6 to 9. In Fig. 6 are 
shown distribution curves with and without guard 
rings for insulator strings made up entirely of good 
units. In Fig. 7 are shown curves using the same 
data but drawn in such a way as to show the per- 
centage of total voltage across each unit of the 
string. In Fig. 8 is shown the percentage of the 
total voltage across each unit when there are elec- 
trically defective units in the string; that is, units 
which will not stand flashover voltage but will, 
when voltage is applied, permit current to discharge 
through the unit. It is interesting to note that the 


EFF. KV 400 500 600 700 
WITH ALL UNITS GOOD 


UNIT 12 PUNCTURED 

UNITS 11 & 12 PUNCTURED 
UNITS 6 &7 PUNCTURED 
UNITS | & 2 PUNCTURED 
UNITS | & 6 PUNCTURED 


UNIT | PUNCTURED 
UNITS | & 12 PUNCTURED 


UNITS 6 &l2 PUNCTURED 


UNIT 6 PUNCTURED 


LEGEND: WITHOUT GUARD RINGS =——=—=——=WITH GUARD RINGS 


Fig. 10. Flashover voltages of 12-unit suspension 
insulator strings containing punctured units 


voltage distribution is not badiy disturbed by this 
condition. In Fig. 9 are shown curves similar to 
those of Fig. 8 for units shorted out by connecting 
the cap and pin of each defective unit together by a 
wire. 

These tests were made on the hypothesis that 
from time to time during the operation of any trans- 
mission line there will be defective units in some 
of the insulator strings, thus making it highly 
desirable—in the consideration of lines which will 
not have the maximum factors of safety which 
one can purchase, but rather the minimum factor 
which will serve the purpose of the line—to know 
quite definitely the effect of defective units in 
different positions in the string. Not more than 2 
defective units in each string were considered, be- 
cause good practice in operation should permit the 
detection and replacement of defective units be- 
fore more than 2 units per string have become de- 
fective. 
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FLASHOVER VOLTAGES 


Flashover voltages under conditions noted for 
insulator strings in which some of the units are de- 
fective are shown in Figs. 10 and 11. 

In addition to the flashover voltages shown by 
Figs. 10 and 11, flashover tests were made on a 
15-unit insulator string which had been suspended 
for 5 months along the route of the transmission 
line under consideration in a region covered by a 
dry highly alkaline dust. The dry flashover test 
on this string was, as expected, the same as the dry 
flashover test of a clean 15-unit string; namely, 
800 kv effective. When the string was sprayed with 
a very fine moisture spray the flashover test dropped 
to about half this value, which means that this 
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UNIT NO.12 SHORTED 
UNITS |] & 12 SHORTED 
UNITS 6 & 7 SHORTED 
UNITS | & 2 SHORTED 
UNITS 1 & 6 SHORTED 


UNIT NO.! SHORTED 


UNITS 6 & 12 SHORTED 


WITHOUT GUARD RINGS 


——— WITH GUARD RINGS 


LEGEND: 


Fig. 11. Flashover voltages of 12-unit suspension 
insulator strings with certain units short-circuited 


alkali dust wet with a fine spray to simulate a fog 
reduces the flashover voltage to 50 per cent of the 
dry flashover voltage for clean insulator strings; 
whereas the wet flashover voltage of clean insulator 
strings is about 70 per cent of that for clean dry 
strings. 


CONCLUSIONS 


The conclusions reached as a result of the tests 
described in this paper may be summarized as 
follows: 


1. The short-time mechanical-electrical test does not determine the 
ability of the suspension insulators to maintain long-time high load 
stresses. 


2. There has been much improvement in the suspension insulator 
during the past 15 years, but during the latter half of this period 
of improvement there has been little change except the addition of 
one make of glass insulator which ranks with the better ones of 
the group tested. 


3. On the whole these tests indicate an apparent superiority of 
cement over metal as a means of attaching the hardware to the 
jnsulator. 


4. Long-time mechanical tests, while somewhat troublesome, 
appear to have value and are recommended in making insulator 
selections. 


5. One or 2 defective insulators in a 12-unit string do not change the 
voltage distribution along the string enough to overstress seriously 
any unit in the string. 


6. Flashover tests show that defective units in an insulator string 
have little effect on flashover values unless the defective units are 
at the end of the string, in which case there is, of course, the ex- 
pected reduction in equivalent string length. 
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Of Institute and Related Activities 


50th Annual Summer Convention 
Held at Hot Springs, Va. 


Cte eae its first half century 
of technical and professional service, the 
American Institute of Electrical Engi- 
neers held its 50th annual summer con- 
vention during the week of June 25 at the 
Homestead Hotel, Hot Springs, Va. With 
but minor deviations, the program as pre- 
viously published in ELECTRICAL ENGINEER- 
ING was followed out. In addition to the 
annual conference, the various technical 
sessions, and the regular meeting of the 
-board of directors, numerous technical and 
other committee and subcommittee groups 
took advantage of the opportunity to hold 
informal meetings. 

A feature of the convention, incident to 
the official recognition of the 50th anni- 
versary, was the attendance of 9 past 
presidents of the Institute in addition to the 
president and president-elect, Charles F. 
Scott, 1902-08; Bion J. Arnold, 1903-04; 
Lewis B. Stillwell, 1909-10; Dugald C. 
Jackson, 1910-11; Paul M. Lincoln, 1914— 
15; Comfort A. Adams, 1918-19; Arthur 
W. Berresford, 1920-21; William McClel- 
lan, 1921-22; and H. P. Charlesworth, 
1932-33. This is the fourth time in 14 
years that the summer convention has been 
held in the South (District No. 4). 


Annual Business Meeting 


The opening session of the Institute’s 
50th annual summer convention was held 
Monday morning, and consisted of the an- 
nual business meeting, followed immediately 
by a 50th anniversary meeting. The an- 
nual business meeting was called to order 
by President J. B. Whitehead, who first 
introduced Prof. W. S. Rodman, chairman 
of the summer convention committee, who 
welcomed the members and guests at the 
convention. 

The first item of business was the pres- 
entation by National Secretary H. H. 
Henline of a brief outline of the annual re- 
port of the board of directors, which indi- 
cates in general, improved conditions over 
those existent a year ago. The good work 
of the president and several of the more im- 
portant committees was referred to, and the 
fact that the reserve capital fund upon which 
the Institute has depended for emergency 
has increased in value since a year ago was 
pointed out. (This report of the board of 
directors was published in full in ELECTRICAL 
ENGINEERING for July 1934, p. 1095-1107.) 


AucustT 1934 


REPORT OF THE COMMITTEE OF TELLERS 


The report of the committee of tellers on 
the election of officers of the Institute was 
presented, and in accordance therewith 
President Whitehead declared the election 
of the following members, taking office 
August 1, 1934: 


President; J. Allen Johnson, chief electrical engi- 
neer, Buffalo, Niagara & Eastern Power Corp., 
Buffalo, N. Y. 
Vice Presidents: 

W. H. Timbie, professor of electrical engineering 
and industrial practice, Massachusetts Institute 
of Technology, Cambridge, Mass. 

R. H. Tapscott, vice president, New York Edi- 
son Company, New York, N. Y. 

G. G. Post, vice president in charge of power, 
Milwaukee Electric Railway & Light Company, 
Milwaukee, Wis. 


F. J. Meyer, vice president in charge of operation, 
Oklahoma Gas & Power Company, Oklahoma City, 
Okla. 

F. O. McMillan, research professor of electrica 
engineering, Oregon State College, Corvallis, Ore. 


Directors: 

F. Malcolm Farmer, vice president and chief 
engineer, Electrical Testing Laboratories, New 
Vorky Neos 

N. E. Funk, vice president in charge of engineer- 
ing, Philadelphia Electric Company, Philadelphia, 
Pa. 

H. B. Gear, assistant to vice president, Common- 
wealth Edison Company, Chicago, IIl. 


National Treasurer: 
W. I. Slichter, professor of electrical engineering, 
Columbia University, New York, N. Y. 


The board of directors for the next ad- 
ministrative year, beginning August 1, 
1934, will consist of these newly elected 
officers, together with the following hold- 
over officers: J. B. Whitehead (retiring 
president), Baltimore, Md.; H. P. Charles- 
worth, New York, N. Y.; R. B. Bonney, 
Denver, Colo.; F. M. Craft, Atlanta, Ga.; 
A. H. Hull, Toronto, Ont.; R. W. Sorensen, 
Pasadena, Calif.; A. M. Wilson, Cincin- 
nati, Ohio; L. W. Chubb, East Pittsburgh, 
Pata BaD aE all Dallasnadlicx: ams baat 


1934 Pacific Coast Convention Headquarters 


Tecun ICAL sessions and many of the entertainment features which will be a part of 
the Institute’s 1934 Pacific Coast Convention, Sept. 3-7, will be held in the Hotel Utah, at 


Salt Lake City. 


ment features were given in ELECTRICAL ENGINEERING for July 1934, p. 1128-9. 


Details of the technical sessions and an outline of some of the entertain- 


A brief 


summary is given in an accompanying item in the present issue. 
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Among those prominent at the Institute’s recent 50th annual summer convention, held at Hot Springs, Va., June 25-29, 1934, were those shown 


here. 


From left to right: W.S. Rodman, chairman of the general convention committee and dean of engineering at the University of Virginia, 


University; G. A. Kositzky, Cleveland, Ohio, and H. W. Eales, Chicago, IIl., who were respectively winner and runner-up in the Mershon golf 
trophy play; F. M. Craft, Atlanta, Ga., winner of the Lee golf trophy; R. B. Stewart, Washington, D. C., and E. F. Lopez, Mexico City, respec- 
tively runner-up and winner (second time) of the Mershon tennis trophy 


Juhnke, Chicago, Ill.; G. A. Kositzky, 
Cleveland, Ohio; Everett S. Lee, Sche- 
nectady, N. Y.; A. H. Lovell, Ann Arbor, 
Mich.; L. W. W. Morrow, New York, 
N. Y.; A. C. Stevens, Schenectady, N. Y.; 
H. R. Woodrow, Brooklyn, N. Y. 


INTRODUCTION OF THE PRESIDENT-ELECT 


President Whitehead then presented the 
president’s badge to President-Elect J. 
Allen Johnson. In his brief address of 
response, the incoming president stated in 
part “. . .perhaps you would like to know 
how it feels to be elected president of the 
American Institute. I think the first 
feeling is one of surprise that your fellow 
engineers have considered your accomplish- 
ments or services of sufficient value to be 
recognized, and then I would say there comes 
a feeling of pride and pleasure and warmth 
of spirit, and then that feeling is followed by 
a feeling of humility, wondering if you have 
the ability to meet the requirements of the 
job, and then that is followed by a spirit 
of resolution to do the best you can. 

“Then I got to thinking, well, a resolution 
for what? Now of course, a resolution to 
carry on the spirit and the traditions of the 
Institute, but is that enough? And think- 
ing it over, it seemed to me a little bit more 
than that was required, because we make 
progress as we prove all things and hold 
fast to that which is good, or as James Rus- 
sell Lowell put it in his poem, ‘The Crisis’: 
‘New occasions teach new duties, 

Time makes ancient good uncouth; 


He must onward still, and upward 
Who would keep abreast of truth.’ 


So I feel that in addition to keeping abreast 
or keeping up with the old traditions, we 
must have the courage in this changing 
world in which we find ourselves to try new 
things and find new goods and hold fast to 
those as well as to the old goods. And so it 
is my hope that I and we all of us in the 
coming year may find the courage or may 
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not be lacking in the courage to try new 
things and hold fast to those which may 
prove to be new goods.” 


INSTITUTE PRIZES AWARDED 


The report of the committee on award of 
Institute prizes, as published in ELECTRICAL 
ENGINEERING for June 1934, p. 1026, and in 
the present issue, p. 1234 was read by R.N. 
Conwell, chairman of the committee on 
award of Institute prizes, after which 
President Whitehead presented the certifi- 
cates of award to those winners who were 
present. 


PRESIDENTIAL ADDRESS 


Another feature of the annual meeting was 
the presentation of the annual presidential 
address delivered by President Whitehead, 
wherein he outlined his most striking im- 
pressions of Institute activities which he 
had gained during his term as president. 
Essentially the full text of President White- 
head’s address appears in this issue, p. 
1148-5. 


Lamme Medal for 1933 


An impressive event on program of the 
annual business meeting was the formal 
presentation of the Institute’s Lamme Gold 
Medal to Dr. L. B. STILLWELL (A’93, M’92, 
F’12, member for life, and past president) 
consulting engitieer of New York, N. Y. 
This medal was awarded him ‘“‘for his 
distinguished career in connection with the 
design, installation, and operation of elec- 
trical machinery and equipment.” Brief 
biographical sketches of Doctor Stillwell 
are given in ELECTRICAL ENGINEERING for 
March 1934, p. 503-4, and May 1934, p. 
798. 


OTHER AWARDS OF THE LAMME MEDAL 


Previous awards of the A.I.E.E. Lamme 
Medal have been made to A. B. FIELpD 
(A’03, F’13) consulting engineer, Man- 
chester, England, 1928; R. E. HELLMUND 
(A’05, F’13) chief engineer, Westinghouse 
Electric and Manufacturing Company, East 
Pittsburgh, Pa., 1929; W. J. Fosrrr (A’07, 
F’16) consulting engineer, retired, General 
Electric Company, Schenectady, N. Y., 
1930; Guispppp Faccroi (A’04, F’12) de- 
ceased, January 13, 1934, formerly associate 
manager of the Pittsfield (Mass.) Works of 
the General Electric Company, 1931; and 
Epwarp Weston (A’84, M’84, HM’33, 
member for life, and past president) chair- 
man of the board, Weston Electrical Instru- 
ment Corporation, Newark, N. J. 

The Institute’s Lamme Medal was estab- 
lished by provision of the will of Benjamin 
Garver Lamme (deceased July 8, 1924) 


Future AIEE Meetings 


Pacific Coast Convention, 
Salt Lake City, Utah, Sept. 3-7, 1934 


Winter Convention, 
New York, N. Y., Jan. 22-25, 1935 


South West District Meeting, 
Oklahoma City, Okla., Apr. 24-26, 
1935 


Summer Convention 
Ithaca, N. Y., June 24-28, 1935 


Pacific Coast Convention 
Los Angeles vicinity, Fall 1935 


Great Lakes District Meeting 
Indianapolis-Lafayette Section terri- 


tory (Date to be determined) 


saat 
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for the encouragement and recognition of 
“meritorious achievement in the develop- 
ment of electrical apparatus or machinery.” 
By Mr. Lamme’s will, 2 other similar be- 
quests were made, one to Ohio State Uni- 
versity, and one to the Society for the 
Promotion of Engineering Education. The 
-Lamme Medal of Ohio State University, 
to be awarded a graduate of one of the 
technical departments for meritorious 
achievement in engineering of the technical 
arts was presented for 1934 to L. W. 
Cuuss (A’09, F’21, and director) director 
of research laboratories, Westinghouse 
Electric and Manufacturing Company, 
East Pittsburgh, Pa. The 7th Lamme 
Medal of the S.P.E.E. was awarded to Prof. 
E. R. Maurer, professor of mechanics at the 
University of Wisconsin, during the annual 
meeting of the society in June 1934. 


MEDAL PRESENTED BY D. C. JACKSON 


At the annual meeting at Hot Springs, 
Prof. P. M. Lincoln told of Mr. Lamme’s 
interest in the education of engineers and 
mentioned some of his efforts to further the 
development of electrical engineering. In 
this connection, he spoke of the work in 
which Mr. Lamme and Doctor Stillwell 
cooperated when the power plant at Niagara 
Falls was designed in 1893. He pointed out 
that the adoption for that plant of alternat- 
ing current, which was sponsored by both 
Mr. Lamme and Doctor Stillwell, has had 
a tremendous influence on the subsequent 
development of the electrical industry. 

Prof. D. C. Jackson then outlined the 
career and the distinguished achievements of 
the medalist, Dr. L. B. Stillwell. In ad- 
dition to describing many of the actual ac- 
complishments of Doctor Stillwell, Doctor 
Jackson spoke of many of the mental 
qualities possessed by the medalist which 
made possible his contribution to electrical 
engineering design, to social welfare, and to 
education, saying, in part ‘Imagination 
coupled with optimism arouses visions which 
are pictured as capable of actual embodi- 
ment, but the pessimism produced by a re- 
straining influence of historical hindsight 
prevents an over-optimism which might 
lead to a crash. Curiosity, interest, the 
intellectual joy of achievement, associate 
equally with all imaginative productions; 


and imagination, held definitely to face 
realities as a plane of origin, is a major 
tool of engineers. It seemed to me then 
(Epiror’s Nore: in 1910, while both were 
officers of the Institute), and I continue of 
the conviction, that Stillwell held these 
qualities in high degree, and possessed this 
tool which he used well. His long-time 
successful practice as a consulting engineer 
proves the case.” 


Doctor STILLWELL RESPONDS 


In his speech of response, Doctor Still- 
well emphasized his deep appreciation of the 
action of the Institute in conferring the 
1933 Lamme Medal upon him, pointing out 
that to the professional man, commenda- 
tion of his work by the fellow members of his 
profession is perhaps his highest reward. 
He then spoke of ‘‘system engineering”’ 
referring to the development of electric 
power systems. It was in this work that his 
greatest activity was concerned, rather than 
in the detailed design of electrical machinery. 
Doctor Stillwell outlined one of the great 
periods of change in system engineering of 
a-c work in this country, pointing out that 
in the 10 years or so following the founding 
of the Institute in 1884, a tremendous 
number of new developments in electrical 
projects were brought about by energetic 
pioneers. 

Doctor Stillwell closed his speech with a 
plea for the support of the magnificent 
work which has been carried out by mem- 
bers of the Institute during the last 50 
years in the development of high voltage 
lines covering the entire country, and mak- 
ing available large economies and facilities 
for providing for emergency conditions. He 
pointed out that the general public’s dis- 
content with economic conditions accentu- 
ated by resentment toward some of the 
organizers of holding companies, has caused 
our state governments and even the federal 
government to open the door to the con- 
struction of municipal power plants. He 
pointed out that such a policy weakens the 
economic stability of the great public 
utility companies of today, and stated his 
opinion that the problem should be studied 
very carefully, but very promptly, and that 
the whole engineering profession should take 
a stand for the conclusions reached. 


Results— 


Total number of applications received for A.1.E.E. membership during: 


May 1933—26 
June 1933—26 


The continued coordination of membership activities by the National 
and Section membership committees through the suggestion of names 
of those considered worthy to be asked to join the Institute will aug- 


ment these results. 


Chairman National Membership Committee 


May 1934—42 
June 1934—50 
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Celebration of 50th Anniversary 


In commemoration of the founding of the 
Institute in 1884, a “50th anniversary meet- 
ing’’ was held on Monday morning, June 
25, during the summer convention at Hot 
Springs, Va. At this meeting, which fol- 
lowed the Institute’s annual business meet- 
ing, President Whitehead referred to the 
50th anniversary issue of ELECTRICAL 
ENGINEERING (May 1934) and of the various 
anniversary meetings which have been held 
throughout the country by the local Sec- 
tions. 

Prof. D. C. Jackson then spoke of the 2 
senior living past presidents of the Institute, 
Dr. Edward Weston and Dr. Elihu Thom- 
son, who were among the very great creators 
in the electrical industry that are left with 
us among the older pioneers. From Pro- 
fessor Thomson, with whom Doctor Jack- 
son was recently in contact, a message was 
conveyed to this 50th anniversary meeting 
wherein Professor Thomson stated that he 
was exceedingly regretful that he could not 
attend as one of the past presidents who 
were gathered there but that .he extended 
his salutations and wished to express his 
interest in the Institute and his wishes for 
its continued success through another 
jubilee. 

Two addresses by prominent members of 
the Institute featured the anniversary meet- 
ing. The first of these, by Dr. W. E. 
Wickenden, president of Case School of 
Applied Science, Cleveland, Ohio, was on 
the subject of “Toward the Making of a 
Profession.’”’ Doctor Wickenden first out- 
lined the many items which comprise the 
obligations of a profession and the reasons 
for the growth of professions, and discussed 
these points with particular reference to 
the Institute. Essentially full text of the 
address is given in this issue of ELECTRICAL 
ENGINEERING p. 1143-5. 


Doctor McCLELLAN’s ADDRESS 


The other principal address on the 50th 
anniversary program was that of Dr. 
William McClellan, past president of the 
Institute (1921-22). Doctor McClellan, 
in his address, outlined briefly the principal 
developments in electrical engineering prior 
to the founding of the Institute in 1884, 
and then discussed the development of 
electrical engineering and some of the 
personalities involved during the next 
several years. 

Doctor McClellan pointed out that for a 
“profession”’ to be successful, it was neces- 
sary not only that the members be motivated 
by ideals of service, but that they must have 
a unity of action. Using examples taken 
from the legal and medical profession, he 
pointed out the advantages of having all 
engineers, whether civil, mining, mechani- 
cal, or electrical, operate through one 
society, such as, for example, American 
Engineering Council. He stated his belief 
that the world will never recognize the 
engineering profession as on a par with other 
professions until such unity of thought and 
purpose is introduced and made apparent 
to all. In developing this idea, he sug- 
gested that graduates of engineering schools 
should all be given the degree of bachelor 
of engineering, without designating any 
particular branch of engineering at that 
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time. Doctor McClellan closed his ad- 
dress with a.plea for the creation of a genuine 
engineering profession. 

At the conclusion of this inspiring meet- 
ing, a radiogram conveying heartiest greet- 
ings and congratulations on the occasion of 
the Institute’s 50th anniversary, transmitted 
by the South African Institute of Electrical 
Engineers, was read. 


Other Features 


TECHNICAL SESSIONS 


All technical sessions at the convention 
were held during the mornings, and were 
very well attended. In all, 7 technical ses- 
sions had been aranged. At these sessions 
some 80 papers, most of them on technical 
subjects, were presented and discussed. 

All of the papers presented at the con- 
vention appear in the June 1934 issue of 
ELECTRICAL ENGINEERING, except 3 which 
had been previously published in ELEc- 
TRICAL ENGINEERING. Discussions of the 
papers are scheduled for publication in sub- 
sequent issues. 


ATTENDANCE 


Although the official registration of 351 
was only a little more than a third of the 
registrations prevailing in 1933 and in 
1932, the level was just about equal to the 
average of previous conventions held in the 
South. An analysis of the attendance at 
Hot Springs is given in Table I accompany- 
ing, and a comparison of summer conven- 
tion attendances over a period of 15 years 
is given in Table II. 


ENTERTAINMENT 


In view of the fact that a rather complete 
range of facilities was available at the Home- 
stead Hotel, and its subsidiary, The Cas- 


won on a play-off with a net score of 37; 
runner-up was Mrs. R. W. Harris, of New 
York, whose net score was 40. Other 
prize winners included Mrs. A. H. Lovell, 
Ann Arbor, Mich.; Mrs. R. E. Hellmund, 
Pittsburgh, Pa.; and Mrs. G. L. Weller, 
Washington, D.C. At the women’s 
bridge-luncheon held Tuesday, the list of 


Table [I—Summer Convention Attendance 
During Recent Years 
19345 Hot springs, Vase en eieriee * (4) 351 
IER? (Ouieeygey ike od dobauan ube cue. (5) 968 
1932 ‘Cleveland, Ohio 227. a ccm ote (2) 1,022 
193L Asheville! NS C2 oie. cite n)-r-eae (4) 525 
1930 Toronto, Ont., Canada... ....; (10) 1,110 
1929 Swampscott, Mass............. (1) 1,000 
1928" “Denver, .Colosearnene se crises (6) 500 
LO27ar Detrort, Michie oe es er CS) 17200 
1926 White Sulphur Spgs., W. Va...... (4) 350 
LODSSaratorarSpesm ONG ceisler (1) 900 
1OQ4 Chicago Tipe ysrccterscmre sve (5) 750 
LOLS Swampscott ilassy.-h ase (1) 1,616 
1922) (NiagataHallsa Ni vou cera ml) 950 
1921 Salt. Lake Citys Utah... 20: (9) 426 
1920 White Sulphur Spgs., W. Va.... (4) 314 


* District Numbers in parentheses. 


prize winners included Mrs. E. B. Meyer, 
South Orange, N. J.; Mrs. H. A. Holmes, 
Fairmont, W. Va.; Mrs. L. F. Hickernell, 
Hastings-on-Hudson, N. Y.; Mrs. W. W. 
Ballew, Birmingham, Ala.; Mrs. C. L. 
Dawes, Cambridge, Mass.; Mrs. E. J. 
Rommel, Toledo, Ohio; Mrs. L. G. Smith, 
Baltimore, Md.; and Mrs. W. H. Timbie, 
Cambridge, Mass. 


SKEET 


Skeet, a new and intriguing form of trap- 
shooting, proved attractive to several who 
were handy with their shot guns, and others 
who thought they should be. In the of- 
ficially recognized tournament, E. P. Coles 


Table I—Analysis of Attendance at A.1.E.E. Summer Convention 
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cades Inn, practically all entertainment 
activities centered there. A motor trip 
to the Greenbrier Hotel at White Sulphur 
Springs, W. Va., some 47 miles over the 
mountains from Hot Springs, was the only 
formally scheduled trip. Quite a large 
group enjoyed the trip and the refreshments 
served at the Greenbrier’s casino. Monday 
evening was featured by the president’s 
reception; Tuesday evening by an informal 
get-together banquet punctuated by im- 
promptu entertainment; and Wednesday 
evening was the occasion of the annual con- 
vention banquet and its generous program 
of entertainment. 

In the women’s putting contest, played 
Tuesday morning by a large number of 
entrants including several non-golfers, Mrs. 
John W. Latham, Charlestown, W. Va., 
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of Charlotte, N. C., won first honors, with 
C. O. Bickelhaupt, New York, N. Y., 
finishing as runner-up, closely followed by 
L. P. Ferris, New York, N. Y. 


GoLF 


The annual tournament and other of- 
ficially recognized golfing events were played 
on the Cascades course, with competition 
spurred by the many beautiful prizes of- 
fered in addition to the Lee and the Mershon 
trophies. Competition also was intensi- 
fied by the fact that several were playing 
with the hope of getting their names on one 
or the other of the trophies the second time. 

The present Mershon trophy is the second 
cup donated by Past President Mershon, 
the first having been won permanently in 


1931 by L. F. Deming of Philadelphia, Pa., 
as a result of his having won the right to 
have his name engraved upon it in 1916 
and again in 1931. The trophy had with- 
stood competition since 1912. The new 
trophy is competed for by match play on a 
handicap basis, the same as the first trophy 
and also is subject to permanent possession 
by virtue of 2 winnings by an Institute 
member. The 16 men having the lowest 
net scores in a preliminary qualifying round 
are privileged to play through 4 successive 
elimination rounds to determine the ulti- 
mate winner. The results of the Hot 
Springs competition were: 

Winner—G. A. Kositzky, Cleveland, Ohio; score 
oa ees W. Eales, Chicago, Ill. 

Mr. Kositzky, by winning the right to have 
his name engraved on the Mershon trophy, 
prevented Mr. Eales from taking permanent 
possession. The names now appearing on 
the cup are: L. R. Kieffer, Cleveland, 
Ohio, 1932; H. W. Eales, 19383; G. A. 
Kositzky, 1934. 

The Lee trophy, presented by Past 
President Lee in 1932, is competed for an- 
nually on the basis of lowest net score for 
36 holes; it, too, must be won twice by 
the same player for permanent possession. 
The results for the 36-hole medal play at 
Hot Springs: 

Winner—F. M. Craft, Altanta, Ga. (gross score 
178, handicap 36, net 142). 

Runner-up—T. O. Rudd, New York, N. Y. (gross 
score 152, handicap 9, net 143). 

Names now appearing on the Lee trophy 
are: C. H. Teskey, Cleveland, Ohio, 1932; 
G. R. Canning, Cleveland, Ohio, 1933; 
F. M. Craft, 1934. 

Winners of prizes in special events ar- 
ranged by the local sports committee were: 


First low net—E. S. Atkinson, Battle Creek, Mich.; 
score 67. 

Second low net—T. O. Rudd, New York, N. Y., 68. 
Blind bogey: winner—G. A. Zehr, Niagara Falls, 
N. Y.; low gross—T. O. Rudd, New York, N. Y.; 
low net—W. A. Buchanan, Welch, W. Va. 


The “tombstone” tournament aroused 
considerable interest. The event was 
opened to members and guests. Each 
player was assigned the number of strokes 
represented by the par of the course (71) 
plus his regularly assigned handicap; the 
idea being to make the greatest possible 
distance in the assigned number of strokes, 
planting his ‘‘tombstone insignia” at the 
point where his ball rested at the end of his 
final stroke. Prizes were awarded to the 
several players covering the greatest yard- 
age in the number of strokes assigned as 
follows: 

Winner—W. A. Buchanan, 95 strokes, ball finished 
on 19th green. 

Second place, F. M. Craft, 89 strokes, ball 2.5 ft 
from 18th hole. 

mea T. O. Rudd, 74 strokes, ball 5 ft from 18th 
ole. 

Low gross, J. H. Irwin, Chicago, Ill., 78. 


Low net, James Nichols, Wauwatosa, Wis., score 
73. 


District team competition, on the basis of 
36-hole medal play, was won by a team 
representing District No. 2 as follows: 


C. G. Teskey, C. A. Kositzky, G. R. Canning, and 
F. Quigley, all of Cleveland, Ohio. 


TENNIS 


With fewer entrants for the tennis tourna- 
ment than for the golf tournament, the 
competition was not so widespread. How- 
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ever, a large gallery very much enjoyed the 
several lively sets and close scores. The 
Mershon trophy for tennis was presented by 
Past President Mershon and has been up 
for competition since 1927. The trophy 
is available to Institute members, the win- 
ner each year being recognized by having 
his name engraved on the cup, and receiv- 
ing a photograph of it, unless it be his second 
winning, in which event the cup passes 
permanently into the winner’s possession. 
At Hot Springs, Delegate E. F. Lopez of 
Mexico City, Mex., won the cup for the 
second time, and took it back to Mexico 
with him. Mr. Lopez won from R. B. 
Stewart of Chevey Chase, Md.; score, 6-3, 
6-0, 3-6, 6-2. The winners, as the names 
were finally engraved upon the cup, were 
as follows: 


1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 


G. A. Swain, East Pittsburgh, Pa. 
P. H. Hatch, Stamford, Conn. 

A. J. Gowan, St. Petersburg, Fla. 
E. F. Lopez, Mexico City, Mex. 

J. K. Peek, New York, N. Y. 

R. A. Monroe, Pittsburgh, Pa. 

A. J. Krupy, Chicago, Ill. 

E. F. Lopez, Mexico City, Mex. 


COMMITTEES 


Credit for the successful arranging of the 
number of events comprising the 50th an- 
nual summer convention must go to the 
committees who were responsible for carry- 
ing out the work. 

The general convention committee con- 
sisted of the following members: W. S. 
Rodman, chairman; C. A. Robinson, vice 
chairman; R. C. Bailey, secretary; and 
E. P. Coles, R. N. Conwell, F. M. Craft, 
S. A. Flemister, J. T. Graff, E. L. Lockwood, 
W. R. McCann, and I. M. Stein. The 
chairmen of the various subcommittees 
working with the general convention com- 
mittee were as follows: 


Hotels and Registration—E. L. Lockwood, chair- 
man; H. C. Bailey, R. M. Bush, E. S. Fitz, and 
J. M. Wilson. 

Entertainment—C. A. Robinson, chairman; H. A. 
Holmes, J. W. Latham, A. M. Rosenblatt, J. C. 
Smith, and C. H. Weber. 

Sports—J. T. Graff, chairman; Cecil Gray, J. L. 
Harrington, J. W. Latham, and G. L. Weller. 
Technical Sessions—R. N. Conwell, chairman; 
C. S. Rich, secretary; F. M. Craft, L. A. Doggett, 
S. L. Henderson, H. W. Leitch, E. J. Rutan, D. M. 
Simmons, and D. W. Taylor. 
Finance—E. P. Coles, chairman; 
vice chairman; J. S. Miller, Jr., treasurer; C. I. 
Burkholder, N. H. Coit, F. M. Craft, Mark 
Eldredge, E. S. Fitz, Thomas Fuller, E. H. Ginn, 
J. W. Hancock, W. S. Lee, Jr., Berrier’ Moore, 
J. H. Pagent, and J. E. S. Thorpe. 


W. E. Mitchell, 


1934 Lamme Medal 


Nominations Due Nov. 1 


In fulfilment of by-law requirements, a 
second posting is hereby given to the 
necessity of all nominations for the Lamme 
Medal for 1934 being submitted not later 
than November 1, 1934. (See ELECTRICAL 
ENGINEERING, June 1934, p. 1022-3.) Pres- 
entation of the 1933 Lamme Medal was 
made to Lewis B. Stillwell (A’92, M’92, 
F’12, member for life and past president), 
consulting engineer, New York, N. Y., 
at the opening session of the Institute’s 
recent stummer convention at Hot Springs, 
Va. 


AucustT 1934 


A.1.E.E. Directors Meet 
During Summer Convention 


The regular meeting of the board of 
directors of the American Institute of 
Electrical Engineers was held at The Home- 
stead, Hot Springs, Va., June 27, 1934, dur- 
ing the annual summer convention of the 
Institute. 

Present: President—John B. White- 
head, Baltimore, Md. Past President—H. 
P. Charlesworth, New York, N. Y. Vice 
Presidents—R. B. Bonney, Denver, Colo.; 
F. M. Craft, Atlanta, Ga.; J. Allen Johnson, 
Buffalo, N. Y.; E. B. Meyer, Newark, N. J.; 
and R. W. Sorensen, Pasadena, Calif. 
Directors—L. W. Chubb, East Pittsburgh, 
Pale DoD ral Dallaswe Dex Pe Be 
Jubnke, Chicago, Ill.; A. E. Knowlton, 
New York, N. Y.; G. A. Kositzky, Cleve- 
land, Ohio; A. H. Lovell, Ann Arbor, 
Mich.; L. W. W. Morrow, New York, 
N. Y.; A.C. Stevens, Schenectady, N. Y.; 
R. H. Tapscott, New York, N. Y.; and 
H. R. Woodrow, Brooklyn, N. Y. National 
treasurer—W. I. Slichter, New York, N. Y. 
National secretary—H. H. Henline, New 
York, N. Y. By invitation: Past Presi- 
dents—Bion J. Arnold, Chicago, Ill.; A. 
W. Berresford, New York, N. Y.; Dugaid 
C. Jackson, Cambridge, Mass.; Paul M. 
Lincoln, Ithaca, N. Y.; William McClellan, 
Washington, D.C.; Charles F. Scott, New 
Haven, Conn.; Lewis B. Stillwell, Prince- 
ton, N.J.; also officers-elect—F. M. Farmer, 
New York, N. Y.; N. E. Funk, Philadelphia, 


eS Jel, 38}, (Cree, (Cbezrye, Ile ID, If. 
Meyer, Oklahoma City, Okla.; and W. H. 
Timbie, Cambridge, Mass; and C. O. 


Bickelhaupt, New York, N. Y., an Institute 
representative on Codrdination Committee 
of Engineering Societies. 

Minutes of the meeting of the board of 
directors held May 25, 1934, were approved. 

A report of a meeting of the board of 
examiners held June 20, 1934, was pre- 
sented and approved. Upon the recom- 
mendation of the board of examiners, the 
following actions were taken: 2 applicants 
were elected and 8 weve transferred to the 
grade of Fellow; 4 applicants were elected 
and 32 were transferred to the grade of 
Member; 102 applicants were elected to 
the grade of Associate; 121 Students were 
enrolled. ; 

The finance committee reported disburse- 
ments for the month of June amounting to 
$17,939.27. Report approved. 

Report was made of appointments, upon 
nomination of the standards committee, 
of representatives on committees of the 
American Standards Association, as fol- 
lows: Edward E. Ashley, representative, 
M. Freund, alternate, on sectional commit- 
tee on ventilation code; J. B. Russell, a 
representative on sectional committee on 
standardization of vacuum tubes for indus- 
trial purposes; W. H. Lesser, representative 
on the mining standardization correlating 
committee. 

Recommendations to the board of di- 
rectors adopted at the Conference of Of- 
ficers, Delegates, and Members, held on 
June 25 and 26, at Hot Springs, Va., were 
presented and referred to appropriate com- 
mittees for recommendation. 

President-elect J. Allen Johnson was ap- 
pointed a representative of the Institute on 
the Assembly of American Engineering 


Council, effective August 1, 1934, succeed- 
ing the retiring president, Dr. J. B. White- 
head. 

The board adopted resolutions of ap- 
preciation of the effective services of the 
1934 summer convention committee and 
subcommittees and of the ladies’ entertain- 
ment committee in arranging for the com- 
fort and entertainment of the members and 
guests in attendance at the annual summer 
convention, Hot Springs, Va., June 25-29, 
1934. 

Other matters were considered, reference 
to which may be found in this or future is- 
sues of ELECTRICAL ENGINEERING. 


Last Call for the 
Pacific Coast Convention 


All is in readiness for the Pacific Coast 
convention, which will be held in Salt Lake 
City, Utah, September 3-7, 1934, with 
headquarters in the Hotel Utah. The 
general convention committee, under the 
chairmanship of B. C. J. Wheatlake, has 
arranged an excellent series of events—5 
technical sessions, 2 Student sessions, with 
sports and ample opportunity for recrea- 
tion in this scenic vacation land. With 
Yellowstone National Park but a night’s 
ride from Salt Lake City, and such scenic 
wonders as the Grand Canyon, Zion and 
Bryce Canyons within the boundaries of 
Utah and Northern Arizona, members are 
offered unusual possibilities to combine a 
few vacation days with the convention 
trip. There is also a possibility of com- 
bining a trip to Boulder Dam, now at its 
most interesting construction stage, with 
the convention trip to the Utah Parks. 


TECHNICAL PROGRAM 


A technical program of 5 sessions—com- 
munication, management and protective 
devices, lightning, transmission, and se- 
lected subjects—has been scheduled with 
one session a day during the interval of the 
convention. In addition Student sessions 
will be held on the afternoons of Tuesday 
and Wednesday, September 4 and 5, re- 
spectively. The program is of broad scope, 
containing a number of papers by well- 
known western engineers, which deal with 
recent developments in their localities, and 
these have been combined with papers from 
the east on new developments and operat- 
ing practice, which should be of particular 
interest to western engineers. For a more 
complete account of the convention and 
the technical program see the July issue of 
ELECTRICAL ENGINEERING, p. 1128-29 and 
1127. For the papers which have been 
previously published reference to the issue 


Table I—Hotel Rates 


Rooms With Bath 


Hotels Single Double 
Hotels Uitahtccpe eric << $2°50). Soscenel 3.00—4.00 
Hotel Newhouse. $2.50, 3.00, 3.50 $3.00, 3.50, 4.00: 
Hotel Temple Square. .$2.00........... $2.50 
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and page is given after each title on the 
program. The remaining papers on the 
program which are not so indicated are 
published in this issue. 


Hore, RATES AND ACCOMMODATIONS 


Very reasonable rates at the headquar- 
ters hotel, the Hotel Utah, and several 


other recommended hotels are shown in 
Table I. Members should make their 
reservations directly by writing to the hotel 
of their preference. ; 

Keep abreast of your profession and en- 
joy a few vacation days in this region of 
scenic splendor by attending the Pacific 
Coast convention at Salt Lake City, Sep- 
tember 3-7. 


Officers, Delegates, and Members Hold 
Annual Conference at Hot Springs, Va. 


Hep jointly under the auspices of the 
Sections committee and the committee 
on Student Branches, the regular conference 
of officers, delegates, and members of the 
Institute, was held at Hot Springs, Va., 
Monday and Tuesday afternoons, June 25- 
26, 1934, asa part of the summer convention 
activities. Present at these sessions were 
delegates from 55 Institute sections, and 
counselor-delegates from 6 of the 9 districts 
in which committees on student activities 
have been organized. In addition to these 
formally constituted delegates, there were 
other officers, officers-elect, and Institute 
members, bringing the recorded attendance 
total up to 101. The principal topics under 
discussion at the conference were as out- 
lined in a program previously mailed to the 
delegates and others: 


Monday, June 25, 2:00 p.m. 


1. Opening of conference; Announcements by 

I. Melville Stein, chairman of the sections 

committee. 

Remarks by President J. B. Whitehead. 

Remarks by President-Elect J. Allen Johnson. 

Remarks by National Secretary H. H. Henline. 

a. Report on action on recommendations 

made last year. 

b. General Institute affairs. 

5. Institute finances—E. B. Meyer, chairman, 
finance committee. 

6. Division into parallel sessions. 


FS 


Session A—Sections Committee Meeting— 
I. Melville Stein, Chairman, presiding 


7. Communication from membership committee 


—Everett S. Lee, chairman, membership 
committee. 
8. Section and District technical committee 


activities—Prof. N. S. Hibshman, Chairman 
Lehigh Valley Section. 

9. Institute dues—J. Allen Johnson, chairman, 
special committee to consider dues of associ- 
ates and related matters. 

10. The Electrical Engineer and the Codes—J. B. 
Whitehead, president. 

11. General discussion on improving Institute 
activities. 


Session B—Student Branch Committee 
Meeting—Prof. L. A. Doggett, Chairman, 
presiding 


12. Reading of Annual Report. 

13. Student and associate member statistics. 

14. Qualifications for student membership. 
Shall students, taking certificate courses, 
extension courses, or other work not equiva- 
lent to the work of a technical school of 
recognized standing, be admitted to the 
privilege of student membership? Cases of 
(a) University of Cincinnati, (0) Franklin 
Union, (c) University of Minnesota. 


1230 


Tuesday, June 26, 2:00 p.m. 
Session C—General 


15. Report on Student Branch committee meet- 
ing—Prof. L. A. Doggett, chairman, student 
branch committee. 

16. Résumé of Monday’s sections committee meet- 
ing discussion—I. Melville Stein, chairman, 
sections committee, 

17. ‘Engineering: A Career—A Culture’’—Prof. 
L. A. Doggett. (A communication from 
the Engineers’ Council for Professional De- 
velopment.) 

18. Continuation of discussion on 
Institute activities. 

19. The coming year—President-Elect J. Allen 
Johnson. 


improving 


Inasmuch as the Annual Report on Sec- 
tions and Branch Activities was published 
in full in the June 1934 issue of ELECTRICAL 
ENGINEERING (p. 1037-9), no pamphlet 
copies of the report were prepared for use at 
the meeting, and nothing further remains 
to be reported here. 


Opening Session 


President Whitehead in his brief intro- 
ductory remarks expressed pleasure at being 
able to attend the conference, stating that 
in his opinion a conference provided an 
excellent opportunity for better mutual 
acquaintance and understanding among the 
leaders in Institute activities and ‘‘as a most 
important and interesting occasion for 
those who are entrusted with the adminis- 
trative and executive functions of the 
Institute to learn what the members are 
thinking about.”’ 

J. Allen Johnson, responding briefly to his 
introduction as president-elect of the 
Institute, mentioned the fact that inasmuch 
as ?/; of the Institute membership resided 
in Section territory, “certainly the desires 
and influence of the Sections must bulk 
large in Institute policy. At the same time 
we must always keep in mind the minority 
who do not have the opportunity to take 
part in Section activities.” He urged 
active and thoughtful codperation in the 
promotion of Institute affairs, and indicated 
that in the administration of his office as 
president his own large store of experience 
in Institute activities (Branch chairman, 
Section chairman, chairman of membership 
and other important committees, District 
vice president) would be drawn upon 
liberally. 


NATIONAL SECRETARY 
AND FINANCE CHAIRMAN REPORT 


National Secretary Henline reported in 
some detail the present status of the various 
recommendations made at the 1933 confer- 
ence in Chicago. (See ELECTRICAL ENGI- 
NEERING: August 1933, p. 576-7; Sept. 
1933, p. 640; Nov. 1933, p. 794; and other 
issues.) Concerning general Institute ac- 
tivities, Secretary Henline had the following 
comments to offer: 

“As has been mentioned several times, 

one of the most important items in Institute 
work and one to which we must always be 
giving consideration, is the need for bringing 
into the activities more of the members 
who are qualified to carry them on effec- 
tively, and a good many things have been 
done in recent years in that direction. 
I think this (conference) is the greatest 
opportunity we have for improving Institute 
affairs. . Of course, we haven’t solved 
all our problems and we never shall... . 
Certainly as we expand Institute activity to 
bring in more individuals, there will be more 
subjects requiring discussion and considera- 
tion instead of fewer. These activities 
offer wonderful opportunities alike for the 
student, the young graduate, and the more 
experienced engineer; thus the Institute is 
doing everything possible within its means 
to provide something of interest and at- 
tractiveness for all members from the 
youngest to the oldest. 

“One of the principal purposes of such 
conference as this is to seek out these new 
ways in which the Institute may make itself 
helpful to its members and to its prospective 
members . . . a large number of the Insti- 
tute policies and procedures have resulted 
directly from these conferences. ... . This 
annual meeting . . . a few years ago was 
called a Section delegate conference and 
Sections committee conference . . . (but has 
been) broadened so that now it is called a 
conference of officers, delegates, and mem- 
bers, so that anyone in these various groups 
is at liberty to come to listen and take part 
in the discussion. As these conferences 
have served effectively in the past, so do 
they hold still greater possibilities for the 
future.” 

E. B. Meyer, finance committee chair- 
man, presented facts and figures repre- 
senting a résumé of his illuminating article 
“The Story of the Institute Budget” that 
was published in the March 1934 issue of 
ELECTRICAL ENGINEERING. Supplement- 
ing this, Mr. Meyer reported that for the 
first 9 months of the current appropriation 
year, October 1 to June 30, the Institute’s 
income had slightly exceeded the expendi- 
tures for the same period, an improvement 
over last year’s condition, which in turn 
was an improvement over that of the pre- 
ceding year. Mr. Meyer reported also that 
the outlook for the remainder of the ap- 
propriation year was such that an originally 
contemplated withdrawal from the Insti- 
tute’s reserve fund probably would not be 
required; further, that the market value of 
the securities held by the reserve fund had 
appreciated in market value. 


Sections Session 


Before launching into the business pro- 
gram of the session, Chairman I. M. Stein 
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recognized and expressed appreciation for 
the work done by the program committee: 
F. L. Christenbury of the Memphis Section, 
Raymond Foulkrod of the Detroit Section, 
and R. L. Kirk (chairman) of the Pitts- 
burgh section. 


MEMBERSHIP COMMITTEE REPORTS 


A report on the activities of the Institute’s 
membership committee prepared by E. S. 
Lee, chairman of that committee, was read 
by E. P. Coles in Mr. Lee’s absence. The 
report, essentially in full, follows: 

“When we speak of the work and activi- 
ties of the membership committee of the 
Institute, we are really speaking of the work 
and activities of some 600 members co- 
ordinated with the 15,000 members of the 
Institute. Such an organization and such 
a conception is bound to succeed and we feel 
that we are succeeding. We have an ad- 
mirable Institute to which to invite those 
who, we feel, should become members 
with us. 

“During the year we have appealed on 2 
occasions to the entire membership to send 
in the name of a person considered worthy 
to be asked to join the Institute. While 
we have made an effort to ascertain how 
many names were so sent in, it has been 
somewhat difficult to obtain totally reliable 
figures, but from data presented it seems 


that one application is obtained for about 7 
names submitted. Assuming that !/2 of the 
500 applications from other than students 
received last year resulted from such contri- 
bution of names, it would mean that about 
1,500 members aided in this work. I do not 
think this number is large enough and 
therefore feel that the membership com- 
mittee is right in continuing its present 
policy of trying to interest the present 
membership in seeking out worthy persons 
to become associated with us. 

“From the larger membership the ac- 
tivities of the membership committee center 
in the Section membership committees who 
through the chairman deal with a District 
vice chairman who with 4 members-at-large 
provide a smaller group with whom the 
chairman can consult. I must admit this 
year that being new to the work I suggested 
a policy at the beginning of the year which 
was generally approved by the vice chair- 
men and this I have tried to carry out with- 
out further consultation but I am sure that 
anyone has felt free at any time to send in 
suggestions and several suggestions have 
been received which we have tried to act 
upon with advantage. 

“BKach month a report of membership 
statistics has been sent to the chairman of 
each Section membership committee to- 
gether with copies to the chairmen and 
secretaries of each Section, copies to the 


One of the Scenic Features Near Salt Lake City 


A ruoucn the majority of those members of the Institute who will attend the 
1934 Pacific Coast convention at Salt Lake City, Utah, Sept. 3-7, will be attracted pri- 
marily by the technical papers outlining recent advances in a number of fields of electrical 
engineering, the many scenic features offered by that section of the country provide an 


additional incentive for attendance at the convention. 


Many members are making plans 


to attend with their families, and will combine the opportunities of acquiring technical 
information with the pleasure of a vacation trip. The view shown here was taken from 
the Alpine Highway in north central Utah, and shows Mount Timpanogas in the back- 
ground. Mount Timpanogas, highest of the Wasatch Mountains, rises to 11,957 feet above 


sea level. 


AucustT 1934 


District vice chairmen, and copies to the 
members of the board of directors. This 
has given opportunity to keep everybody 
informed of the progress of the work and I 
believe that if the Section activities can be 
coérdinated around these reports, we have a 
strong and forceful means whereby the 
activities of the membership as a whole may 
be carried on efficiently and to the satis- 
faction of all.’”’ 


Major OBJECTIVES 


“The membership committee sought the 
following 3 major objectives: 


1. To contact for new members. 

2. To contact Students eligible to become Associ- 
ate members. 

8. To contact member for reinstatements. 


“In regard to the first objective, the final 
report of the membership committee for the 
year shows that applications for member- 
ship were received from every Section of the 
Institute and this, I believe, is cause for 
gratification on your part. With the con- 
tinuance of your interest in membership 
activities this record should be maintained 
and the total number increased month by 
month. It seems to me that this might 
well be our bogey that the number of appli- 
cations received each month should be more 
than received in the same month of the 
preceding year. For the first month of this 
year, May 1934, we have made that bogey 
in that total applications received for May 
1934, were 42 while during May 1933, they 
were 26. With your help this bogey will 
be made. 

“Tn regard to the second objective, while 
it is the responsibility of the committee on 
Student Branches to provide for our Stu- 
dents, it is the responsibility of the member- 
ship committee to see that Students are 
brought into Associate membership as they 
become eligible. The number of Students 
brought into Associate membership this year 
was not as large as last year. Undoubtedly 
there are reasons for this but I feei that the 
Section membership committees should 
give increasing time, thought, and attention 
to this phase of our activity and with the 
help of the Section officers I am sure that 
we can bring about the same attainment as 
regards bogey results as with those who are 
not Students. So far this year we have not 
made this bogey for in May 1934, no 
applications were received from Students 
for Associate membership while in May 
1933, 7 such applications were received. 
It is interesting to note, however, that dur- 
ing the past year applications from Students 
to enter Associate membership were re- 
ceived from every Section of the Institute 
except 3. 

“Our third objective to contact members 
for reinstatement has been a part of our 
work which has been particularly happy for 
those who have participated in it and the 
record shows that since August 1, 1938, 
there have been 6387 reinstatements. As 
chairman of the membership committee and 
as 4 member of the board of directors I feel 
that our board of directors not only this 
year but in the past years has been very 
thoughtful in dealing with those who have 
not been able to pay their dues regularly and 
I believe that if you could know intimately 
of all the cases that have had to be handled, 
you would be inspired, enthused, and 
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pleased both with the resolutions emanating 
from the board of directors in these re- 
spects and from the thoroughness with 
which our headquarters’ staff has handled 
the enormous correspondence in this regard. 
Since August 1, 1933, there have been re- 
instatements in every Section of the Insti- 
tute except 8, which again speaks for the 
universality of this work.”’ 

The report mentioned the fact that no 
statistics are included, but that complete 
statistics covering the entire phase of the 
work included were given in the report of 
the board of directors for the fiscal year 
ending April 30, 1934, published in ELEc- 
TRICAL ENGINEERING for July 1934, p. 
1095-107, The report concluded with an 
appeal for sustained endeavor by the chair- 
men of the various Section membership 
committees. It also requested of the entire 
membership “your individual and official 
interest in this work that there may be 
brought into our Institute for association 
with ourselves all of those who are inter- 
ested in our aims and ideals and who should 
rightfully be associated with us.” 


SECTION TECHNICAL COMMITTEES PROPOSED 


The proposal (see p. 631, April 1934 issue 
ELECTRICAL ENGINEERING) to broaden the 
opportunity for individual participation in 


Section activities, and for Section participa- 
tion in national activities, through the 
establishment of provision for Section and 
District technical committees, was ex- 
tensively discussed at both afternoon ses- 
sions of the conference. Several points of 
apparent confusion were cleared up in the 
discussion. It was clearly established that 
the basic idea of the proposal was princi- 
pally to establish a definitely recognized 
basis for uniformity so far as possible Section 
technical activities were concerned, and to 
establish definite relationship between such 
activities and the Institute national organi- 
zation in so far as its 18 technical com- 
mittees are concerned. Also, it was empha- 
sized that the whole idea is permissive 
rather than mandatory. At the close of 
discussion on the subject, the following 
resolution was adopted: 


RESOLVED: That this conference recommends to 
the board of directors of the American Institute of 
Electrical Engineers that such changes be made in 
the by-laws of the Institute as will provide for an 
expansion in function and membership of the na- 
tional technical committees and for the creation of 
District and Section technical committee activities. 
It is suggested that these results may be accom- 
plished in the following manner: 


1. Let each Section be authorized at its own dis- 
cretion, and on its own initiative, to organize within 
its membership, technical committees correspond- 
ing in name and scope to any or all of the recognized 
Institute technical committees. 


2. Membership in a Section technical committee 
shall be open to any Fellow, Member, and/or Associ- 
ate of the Institute who is a member of that Section 
and who shall signify his wish to participate in the 
activities of that Section technical committee. 

3. Each Section technical committee shall con- 
sist of a suitable number of Fellows, Members, or 
Associates of the Institute; shall have a chairman 
selected in a manner determined by the Section; 
and this Section technical committee chairman shall 
be a member of the District technical committee. 
4. The vice president of each District shall ap- 
point, with the advice of the committee, annually 
one member of each District technical committee 
to serve as a member of that national technical 
committee and to be chairman of his District tech- 
nical committee. 

5. The president of the Institute will appoint 
annually members-at-large to each national tech- 
nical committee, and will designate its chairman as 
is the present practice. 


This resolution was considered by the 
board of directors at its Hot Springs meet- 
ing, June 27, at which time the board voted 
to refer the recommendations to the tech- 
nical program committee, the chairmen of 
the technical committees, and the Institute 
policy committee for study, and report to 
the board of directors at its next meeting, 
scheduled for August 14, 1934. 


Jounson Discusses INSTITUTE DUES 


The question of Institute dues was dis- 
cussed by President-Elect J. Allen Johnson, 


Presidential Group at the 1934 Summer Convention, Hot Springs, Wa., June 25—29 


The largest group of Institute presidents assembled during recent years was 
From left to right: J. Allen Johnson, 1934-35; D. C. Jackson, 191 0-11; 
Comfort A. Adams, 1918-19; Bion J. Arnold, 1903-04; Charles F: Scott, 1902-03 


sary. 


present at Hot Springs for the celebration of the Institute’s 50th anniver- 
H. P. Charlesworth, 1932-33; Louis B. Stillwell, 1909-10; 
i A. W. Beresford, 1920-21; William McClellan, 1921-29, 


P. M. Lincoln, 1914-15; and J. B. Whitehead, 1933-34 
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chairman of the special committee on 
_ Associate dues, who stated that the only 
bases on which dues are likely to be criti- 
cized are that the average dues are too 
high, that they are not properly distributed 
over the different grades of membership, 
or that the right uses are not made of the 
dues after they are collected. 

Mr. Johnson cited evidence for con- 
cluding that the average dues are not too 
high, and that there appears to be no good 
reason to question the uses to which dues 
are put after collection. In regard to the 
second basis, namely, the distribution of 
dues over the different grades of member- 
ship, he pointed out the logical reasons for 
the present arrangement, and also some 
of the difficulties, largely psychological in 
origin, which have resulted from it. He 
indicated that some of the other societies 
had avoided these difficulties by establish- 
ing separate grades of membership for 
certain classifications now included by the 
Institute in the one grade of Associate. 
This suggested the desirability of establish- 
ing in the Institute a ‘Junior’ grade to 
meet the needs of the younger members 
and to take the place of the present anoma- 
lous 6-year period of $10 Associate member- 
ship. At the session held the following day 
a resolution was adopted endorsing this 
‘suggestion. 


Student Branches Session 


As a result of an afternoon’s deliberation 
on the part of student counselors and other 
interested persons in attendance at the 
session, the student Branches group adopted 
unanimously the following resolution: 


RESOLVED, that the student Branches committee 
requests that: 

(a) An assistant editor in charge of student mat- 
ters be appointed. His duties shall be to prepare 
2 pages per issue for ELECTRICAL ENGINEERING 
under the supervision of Mr. Henline and Mr. 
Henninger. These pages shall be made attractive 
to our student members incorporating such items 
as Branch news, editorial comments of current 
technical and other material similar to students’ 
page in the ‘“‘London Electrician.” 

(b) He shall as rapidly as possible qualify to take 
-on the duties formerly performed by Mr. Henline 
when he was assistant national secretary. 

In brief, we recommend that steps be taken to 
initiate the reéstablishment of the office of assistant 
national secretary with student activities as its 
chief responsibility. 


Closing General Session 


In presenting the foregoing resolution 
before the reconvened joint session, L. A. 
Doggett, chairman of the student Branches 
committee, spoke of the high proportion of 
new members that now are coming from the 
ranks of former Enrolled Students, and 
emphasized the necessity of continuing to 
promote student participation in ALLELE: 
affairs. He characterized as “a _ very 
serious loss” the discontinuance of the 
services of an assistant national secretary. 

The proffered resolution was endorsed 
unanimously by the joint session and for- 
warded at once to the board of directors for 
consideration. When the resolution came 
before the board June 27 it was the con- 
sensus of opinion of that body that the 
resolution could not be acted upon by them 
as worded; therefore the resolution was 
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referred to the chairman of the finance com- 
mittee and the national secretary for advice 
and recommendation. 


E.C.P.D. REQuEST 


Chairman Stein, speaking as chairman of 
the A.I.E.E. Sections committee concerning 
a request for codperation received R. L. 
Sackett, dean of engineering at Pennsyl- 
vania State College and chairman of the 
committee on student selection and guid- 
ance of the Engineers’ Council for Pro- 
fessional Development, requested L. A. 
Doggett, chairman of the A.I.E.E. com- 
mittee on education and student Branches, 
to read the following letter from Dean 
Sackett: 


“The following statement will, I hope, give you 
an idea of what the committee proposed and also 
serve as a text for discussion of the subject at the 
A.I.E.E. meeting. 

“The instructions by the E.C.P.D. to the com- 
mittee on selection and guidance stated that it was: 

““To develop further means for the educational 
and vocational orientation of young men with re- 
spect to the responsibilities and opportunities of 
engineers. ...’ 

“First, the committee carefully considered all 
the guidance literature available and after due de- 
liberation a subcommittee consisting of Dean O. J. 
Ferguson and Prof. W. B. Plank reported that 
‘Engineering: A Career—A Culture’ was the 
most suitable for the present purpose of the com- 
mittee. 

“Second, the committee considered methods by 
which guidance agencies could be provided in the 
more important centcis. 

“It was also deemed important that some meas- 
ure of the effectiveness of the pamphlet ‘Engineer- 
ing: A Career—A Culture’ should be provided 
and tried out. This was done by preparing 2 sets 
of questions for use by a small group of engineering 
colleges who were asked to invite local high school 
juniors and seniors to a meeting. A set of ques- 
tions was given each student at the beginning of 
the program to test his knowledge of engineering. 
He was then given a series of short talks and a copy 
of the pamphlet to read carefully. He then 
answered a second set of questions. One conclusion 
was clear. It is expressed by the comment, ‘I 
did not know the field of engineering was so broad’; 
therefore the pamphlet is helpful. 

“A second set of objective tests is now being re- 
vised by a specialist in New York with the aid of 
funds provided for this purpose by The Engineer- 
ing Foundation. When this set of questions is 
completed it will be tried out in a few engineering 
institutions in order to test the validity of the 
tests; second, in order to bring the institution in 
contact with prominent local counselors of engineer- 
ing education; and third, to test the value of the 
pamphlet, ‘Engineering: A Career—A Culture’ 
as a guide to high school students. The procedure 
should also serve as a guide in selecting the best 
students or those who would profit most from 
pursuing an engineering curriculum. One set of 
questions is to be given to the interested students 
before they have read the pamphlet and the second 
set afterward. 

“Tf the foregoing procedure gives promising re- 
sults, an appeal then will be made to local Sections 
of the codperating societies to set up a guidance 
committee, council, or bureau to make contact 
with the high schools in that territory and to pursue 
such guidance methods as may be considered most 
effective considering all of the local circumstances. 
The pamphlet on ‘Engineering: A Career—A 
Culture’ should be an important informative 
agency which may be supplemented by talks to 
interested groups or by individual conferences of 
prospective students with local counselors. The 
best technique to pursue will depend on the tact 
and interest of local Section officers in presenting 
the subject to high school principals and super- 
intendents and in getting interested high school 
students together for the purpose. 

“Since certain preliminary tests have been given 
which showed the desirability of guidance and the 
need for reliable information such as is contained in 
the pamphlet on ‘Engineering’ the preliminary 
period necessary to test out the new objective tests 
should be short, and Sections may expect a general 
appeal in October or November for assistance in 
carrying out the above suggested program, 

“Purther information will be given you concern- 


ing the method of handling the tests and sending 
the results in to me for tabulation and report to the 
1 OE) 225 0 


The consensus of the opinions of delegates 
present, arrived at through subsequent dis- 
cussion, was that when Dean Sackett and 
the E.C.P.D. committee had carried its 
work far enough to make specific suggestions 
to or requests of local Sections, the Sections 
would “agree to codperate within the 
bounds of their ability.” 


INSTITUTE ACTIVITIES DISCUSSED 


A brief résumé of some of the principal 
topics presented during the ‘‘Discussion on 
Improving Institute Activities’ is given in 
the following paragraphs. 

J. M. Todd, delegate from the New 
Orleans Section (the Institute’s newest), 
cited the rapid growth of interest in New 
Orleans and spoke with great emphasis con- 
cerning the necessity for greater local Sec- 
tion activity. R. L. Kirk of Pittsburgh, 
Pa., urged a general improvement in Insti- 
tute activities, a strengthening of barriers 
that would prevent non-members from 
profiting so generally by Institute activities, 
and a strengthening of requirements for 
Institute membership. E. J. Rommel, 
Toledo, Ohio, Section delegate, reported 
that Section’s success in having members 
make short informal talks preceding the 
regular programs at Section meetings, and in 
conducting forum groups meeting every 2 
weeks “‘to discuss matters other than tech- 
nical, to take in economic, world wide 
problems, and things of that kind.’ He 
also urged that Sections report successful 
activities so that they could be reflected and 
an exchange of ideas effected through 
ELECTRICAL ENGINEERING. 

P.L. Alger of Schenectady, N. Y., pointed 
to the recent outstanding success of the 
annual convention of the Society for the 
Promotion of Engineering Education held at 
Cornell University, Ithaca, N. Y., the week 
before the A.I.E.E. Hot Springs convention, 
emphasizing the fact that some 65 technical 
sessions and conferences were held, and 
urging that future A.I.E.E. conventions 
should have many more sessions with fewer 
papers per session and more opportunity for 
group discussion by those really interested 
in the various topics. 

President-Elect J. Allen Johnson, in 
speaking on his assigned topic ‘‘The Coming 
Year,” stated that he hoped that the “‘Insti- 
tute in the coming year and in all coming 
years will not lack the courage to make 
experiments and changes to keep abreast of 
the changing conditions.’ He urged Sec- 
tion delegates to find ways and means of 
better acquainting members of the various 
Sections with the national activities of the 
Institute, “referring particularly to the 
joint activities of the national society which 
are being carried on for the benefit of the 
whole profession of engineering,’’ such as 
the Engineers’ Council for Professional 
Development, and the American Engineer- 
ing Council. He called attention also to the 
fact that next year’s summer convention is 
slated to be held at Cornell University, 
Ithaca, N. Y., urging full codperation 
throughout the year in order that all possi- 
ble opportunities might be developed for the 
enlargement of summer convention activi- 
ties. 
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Doctor Whitehead Explains Proposed Code 


for Engineering Division 


Spraxine on the assigned topic ‘‘The 
Electrical Engineer and the Codes”’ at the 
Sections session of the annual conference of 
officers, delegates, and members, held 
Monday afternoon, June 25, 1934, at Hot 
Springs, Va., Dr. J. B. Whitehead, retiring 
president of the A.I.E.E., presented the 
results of his investigation into the question 
of the code for the construction industry 
and its effect on electrical engineers. The 
full text of Doctor Whitehead’s address on 
this subject follows: 


THe NRA AND 
THE POSITION OF THE A.I.E.E. 


In the spring of 1933, along with all other 
organizations, the Institute was asked 
through the mail to subscribe to the princi- 
ples of the NRA and to follow this up with 
the submitting of a code for the regulation 
of its activities. The Institute subscribed 
to the principles aimed at in the NRA, but 
on information from American Engineer- 
ing Council that counsel of the NRA had 
advised that the proposed regulations were 
not intended to apply to scientific and pro- 
fessional societies, and on similar advice 
from its own counsel, the board of directors 
determined that no further action in the 
matter was indicated for the Institute. 

During succeeding months several in- 
quiries and resolutions were received at 
Institute Headquarters from Sections of 
the Institute asking for information as to a 
proposed code for engineers, and urging the 
Institute to combat the adoption of a code 
that was being proposed by the construction 
industry, and which included a chapter or 
division for engineers engaged in that in- 
dustry. The grounds for the proposed ac- 
tion were that the code being prepared for 
these engineers was so general in its terms 
as to make it appear possible at least that 
electrical and other engineers might be con- 
sidered as subject to its provisions. 

As a consequence of these communica- 
tions, the board of directors has considered 
this matter at several of its meetings. It 
has taken no action, principally because no 
evidence was presented that any consider- 
able number of electrical engineers could 
possibly be considered as subject to the 
code, and because there was no proposal 
nor suggestion of other grounds upon which 
possible action might be based. As time 
has advanced it also has been evident that 
those who were interested in the formula- 
tion of a suitable code for the engineering 
division of the construction industry, were 
giving it the most careful consideration 
with a view to limiting its application, and 
were well informed as to contemporary 
discussion and criticism. As a consequence 
several successive drafts have been pre- 
pared, and in its final form now under con- 
sideration by the NRA the code appears 
to contain no features which need give meme 
bers of the Institute any concern. 

A copy of the final draft of the code is 
printed in Civil Engineering for June 1934, 
together with an interpretation (by Carlton 
S. Proctor, chairman of the Code Commit- 
tee of the American Society of Civil Engi- 
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of Construction Industry 


neers) of how it will operate. I have read 
these documents with some care and with 
special thought for the interests of electrical 
engineers, and I invite your attention to the 
following: 


CopE LIMITED TO CONSTRUCTION INDUSTRY 


In the first place, the code is for the con- 
struction industry and is limited to ser- 
vices “for the construction or anticipated 
construction of any private or public build- 
ings, structures or works, or construction 
accessory thereto, where such services in- 
volve a knowledge of engineering laws, 
formulas, and practice, and a knowledge of 
the physical properties of the materials of 
construction and methods of installation.” 

All codes are written to insure fair prac- 
tice among employers, and so are strictly 
employers’ codes. The description in the 
foregoing paragraph indicates clearly that 
this code is meant to apply to employers 
engaged in ‘“‘construction of buildings, 
structures or works, and construction ac- 
cessory thereto.” 

However the construction industry is de- 
fined as including the designing as well as 
the construction of buildings and fixed 
structures. For this reason, the code itself 
contains a division described as the Engi- 
neering Division of the Construction In- 
dustry. Accordingly, the application of 
the code is extended to those who are en- 
gaged competitively in the business of prof- 
fering or rendering architectural or engi- 
neering service in the form of design for new 
or anticipated new construction. 

This at once eliminates from the appli- 
cation of this code the Federal Government, 
states, cities, and all other political subdi- 
visions, railroads, utilities, constructors, 
manufacturers, institutions, and all others, 
until they shall engage in competition on 
the basis of design for projected construc- 
tion. The term “engineering service’ in- 
cludes the offer to provide or the providing 
of engineering service such as investigation, 
studies, surveying, planning, designing, 
supervision, inspection, testing or labora- 
tory analyses for construction only as defined 
in the foregoing. It does not include en- 
gineering services necessarily adjunctive to 
the manufacture, sale, installation, or con- 
struction of patented devices or specialized 
processes or engineering design adjunctive 
to particular processes or particular equip- 
ment or combinations of the same. As an 
example, I suggest that in the erection of a 
hydroelectric power plant, the application 
of the engineering division of the construc- 
tion industry would be limited to the con- 
tractors on the buildings, dams, founda- 
tions of turbines, generators, etc., but not 
beyond these foundations, and only when on 
a competitive basis. 


Dogs Not Arrect ELECTRICAL ENGINEERS 


Furthermore, it is clearly stated that in 
the case of an architect, landscape archi- 
tect, consulting or other type of engineer 
who might be qualified and called upon to 
furnish engineering services for construc- 


tion features, such engineers are subject to 
this code only when in competition and only 
to the extent as related to such construction, 
and are free of its conditions in their other 
activities. 

It is difficult to see where in the provi- 
sions of this code the interests of electrical 
engineers are seriously affected. I have 
been able to think of only one case in which 
it might apply directly to electrical engi- 
neers, namely, in the electric welding of 
welded steel buildings and structures. It 
is conceivable that a company engaged in 
such work might wish to retain the services 
of electrical engineers expert in this field 
and these, accordingly, would become sub- 
ject to the provisions of the code. Ob- 
viously, engineering employees of such a 
firm would also be so subject, but in this 
latter case, it is difficult to see how their ~ 
position would be any different from that 
of engineers employed in any other types 
of industry, all of which are themselves sub- 
ject to codes solely when in competition 
and for the insuring of fair practices among 
employers. In these cases no code for en- 
gineers is involved, but only a code for em- 
ployers. 

It is possible that other cases might be 
cited, but I think it impossible that any 
considerable number of our members will 
be found to be subject to the conditions of 
this code. Incidentally, there is no refer- 
ence in the code to electrical engineers, nor 
do the words “‘electric”’ or “‘electrical’’ ap- 
pear in it anywhere. 


Prominent Consulting 
Engineer Dies 


Carl Ewald Grunsky, consulting engineer 
of San Francisco, Calif., and past president 
of the American Society of Civil Engineers 
and of the American Engineering Council, 
died June 9, 1934. He was a native of 
California, having been born near Stockton 
in 1855. He received his technical edu- 
cation at Stuttgart, Germany, after which 
he entered public works in California. He 
was city engineer of San Francisco 1900-04 
and on the Panama Canal Commission in 
1904. He has been engaged as a consultant 
on many important works. 

Mr. Grunsky received the Norman medal 
of the American Society of Civil Engineers 
in 1910, and was president of that society 
in 1924. He served as president of the 
American Engineering Council in 1930, and 
was president of the California Academy of 
Sciences. Several books on engineering sub- 
jects were written by him. His sons, C. E. 
Grunsky, Jr., and E. L. Grunsky, are 
consulting engineers in Oakland and San 
Francisco, Calif. 


Additional Awards for 
1933 Institute Papers 


In addition to the national and™District 
prizes for papers presented before¥the In- 
stitute during the calendar year 1933,fas 
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announced in ELrecrricaL ENGINEERING 
for June 1934, p. 1026, announcement now 
has been made of the award of prizes for 
Districts No. 6 and No. 8. These awards 


are: 


District No. 6 


Prize for branch paper awarded to Albert E. 
Logan and Stewart W. Hannah for their paper 
“The Measurement and Control of the Synchron- 
ous Machine Torque Angle,” presented at a joint 
meeting of the Denver Section and University of 
Colorado Branch, April 28, 1933. 


District No. 8 
Prize for initial paper awarded to A. H. Albrecht 


‘ (A’14, M’29) for his paper ‘‘Variable Voltage Oil- 


Well Drilling Equipment,” presented at the winter 
convention, New York, N. Y., January 23-27, 
1933. 


Prize for branch paper awarded to John H. 
Genzenhuber for his paper ‘‘An Experimental Study 


of Series Modulation,” presented at joint meeting 


held at California Institute of Technology, April 4, 
1933. 


Date for International Commission on 
Illumination Selected. The next session of 
the International Commission on Illumina- 
tion, as announced in ELEectrriGaL ENGI- 
NEERING for October 1933, p. 722, and 
February 1934, p. 360, is to be held in 
Berlin, Germany, in 1935. Information has 
recently been received through the central 
office of the commission in London that the 
German National Committee affiliated with 
the commission has chosen the latter half 
of June, and probably the last week, as the 
time for the session. Although there will be 
no general illumination congress like those 
held in America in 1928 and in Great 
Britain in 1931, the meetings will afford a 
comprehensive review of the developments 
in illuminants and illumination practice 
taking place in Europe. Information may 
be obtained from G. H. Stickney, secretary- 
treasurer of the U.S. National Committee, 
I. C. 1., Nela Park, Cleveland, Ohio. 


Letters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


Theory of 
Probability 


To the Editor: 


The most interesting article by Professor 
Bennett on ‘‘Theory of Probability’? pub- 
lished in the November 1933 issue of 
ELECTRICAL ENGINEERING, p. 752-7, called 
forth a ‘‘Letter to the Editor’ by Mr. S. A. 
Smith, Jr., published in the January issue 
of ELECTRICAL ENGINEERING, p. 229-30. 
In this letter Mr. Smith raised a very im- 
portant question about application of theory 
of probability to the problem of determin- 
ing the proper number of spare units 
in the electric system. 

In this connection I should like to call 
your and Mr. Smith’s attention to the fact 
that I had made an attempt to solve for 
some time the above mentioned problem 
in some more definite way also by applica- 
tion of theory of probability and had pub- 
lished an article on the subject in the No. 
20, 1932 issue of Electricity (U.S.S.R.) under 
the title ‘The Method of Economic Valua- 
tion of the Spare Capacity of Electrical 
System.” 

Very truly yours, 
R. A. FERMAN 
(Electrical Engineer, 
Moscow, U.S.S.R.) 


-Aucust 1934 


Electrical Characteristics 
of Impregnated Cable Papers 


To the Editor: 


I have just received the following letter 
(which I have translated from the German) 
concerning the paper ‘“‘Electrical Character- 
istics of Impregnated Cable Papers’ by 
Professor Humphries and myself. It oc- 
curred to me that the suggestions contained 
therein might interest others who are work- 
ing on dielectrics. The letter follows: 


Diplomingeniér A. Basberg 
Torp Brugs A/S 
Fredrikstad 

Norwegen 


An den Associate Professor of Electrical Engineering 
C. LL, Dawes 

The Harvard Engineering School 

Cambridge, Mass. 

America 


Permit me to refer to the paper “The Electrical 
Characteristics of Impregnated Cable Papers,”’ 
in the A.J.E.E. Trans., v. 52, 1933, p. 711-20. 
In this connection, I should like to have your at- 
tention called to a paper which I presented in the 
fall of 1932 at a meeting of the Norway paper engi- 
neers and manufacturers in Osio, and which was 
published in the professional journal Papier- 
Journalen, Nos. 11 to 14, 1933, under the title 
“Die Einwirkung der Feuchtigkeit und Tempera- 
tur auf Festigkeits- und Elastizitatsverhaltnisse im 
Papier.” (The Influence of Moisiure and Tem- 
perature on Strength and Elasticity Relations in 
Paper.) 

Based upon an extensive amount of research ma- 
terial in this work, laws for the strength and elas- 
ticity variations of unimpregnated cable papers for 
various moisture contents and temperatures have 
been drawn up. From the curves one readily de- 
duces that an unimpregnated cable paper under 
variable temperature shows a strength curve which 
has a maximum at about 50 deg C. 

It now seems probable to assume that in the 
judgment of the variations of the electrical char- 
acteristics for impregnated cable paper these can 
be traced back to the above-mentioned relation- 
ships for unimpregnated paper. 

From the results of the aforesaid researches with 
unimpregnated cable paper, a theory for the cause 
of the strength characteristics has been deduced 
in which the opinion is presented that the fibers 


and cells possess surface potentials which are vari- 
able with the temperature and possibly also with 
the moisture. These electrical potentials deter- 
mine the strength of the paper due to their attrac- 
tion on the water film present between adjacent 
fibres and cells. 

If I may be permitted to draw certain comparisons 
between your work and my work, it is remarkable 
how close your curves approach mine, to such a 
degree that I feel it admissible to assume that varia- 
tions in your electrical curves can in part be 
traced back to the changes in the surface potentials 
of the fibers and cells. 

I would be greatly obliged to you for an exchange 
of opinions over these questions and am of course 
glad to give you any further information on the 
subject. 

Most respectfully, 
A. BASBERG 


I have attempted to find a copy of this 
paper in this country but have not been 
able to do so. I have answered the letter 
requesting a copy of the paper but have 
suggested that the sudden changes in the 
electrical characteristics of impregnated 
cable papers which occur around 50 deg C 
appear to be more a property of the im- 
pregnating compound rather than the paper 
itself. : 

I have also stated that the minimum point 
of the V- or U-curve which frequently occurs 
when the power is plotted as a function of 
temperature is due to the fact that the 
power loss in the paper may decrease with 
temperature and that in the compound 
may increase with temperature. These 
characteristics are shown in the paper 
“Fundamental Properties of Impregnated 
Paper’ by J. B. Whitehead and W. B. 
Kouwenhoven, TRANS. A.J.E.E., v. 50, 
1931, p. 699-704. An analysis of this type 
of characteristic together with the explana- 
tion by Hochstaédter appears on p. 705 in 
my discussion of the foregoing paper. 

Also the separate effects of oil and paper 
appear in Fig. 21 of the paper ‘‘Predeter- 
mination of the A-C Characteristics of 
Dielectrics” by J. B. Whitehead and 
Alfredo Banos, Jr., TRANS. A.I.E.E., v. 51, 
1932, p. 402. From the data which I have 
available, I am therefore inclined to attrib- 
ute such variations to the combined effects 
of the paper and compound, although I 
believe that any new theory, such as the 
one presented should be carefully con- 
sidered. 

Very truly yours, 
C. L. Dawes (A’12, M’15) 
(Harvard University, 
Cambridge, Mass.) 


Excitation and 
lonization in Gases 


To the Editor: 


A pictorial representation of what is sup- 
posed to take place during excitation and 
ionization in gases may be useful in con- 
veying to the reader an explanation of these 
actions. Further, the use of pictures is of 
assistance in impressing these ideas on the 
memory. Such a pictorial representation 
is given in the sketches of Figs. 1 to 19. 
The first figure in the group gives the nota- 
tion which is followed throughout. The 
nucleus (shown as a circle with a plus sign 
in it) represents the proton and all the 
internal electrons which do not take part 
in the action being illustrated. 
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Information on the subject of excitation 
and ionization in gases was given in “‘Elec- 
tric Discharges in Gases” by Dr. Lewi 
Tonks in ELECTRICAL ENGINEERING for 
February 1934, p. 239-48. Although this 
paper is mutch more scientific and informa- 
tive, I believe that young engineers may 
get something out of such “primer pictures” 
as given in this letter, when becoming 
acquainted with the subject for the first 
time, 

Electricity passing through a gas does 
not obey the same laws that it does in the 
case of passing through metallic conductors. 
The process seems to be a very complicated 
one and there are certain phenomena 
which are observed such as the emission of 
light, and effects of external agents such 
as sources of light on the conduc- 
tivity of the gas, that make it 


to illustrate some of the possible atomic 
processes. This group of figures is by no 
means complete, ionization by chemical 
processes, and by temperature, etc., having 
been omitted. The action in some of the 
pictures is supposed to take place in 2 or 
more steps; these steps are described in 
the picture title, and the reader is asked to 
let his imagination fill in the essential gaps 
in the story. 

It must not be inferred from the figures 
that we claim the electron to be spherical 
or of any particular shape, or that a meta- 
stable atom has an electron moving along a 
zigzag path; these diagrams simply illus- 
trate processes making them more tangible 
to the student. ‘Structure of Atoms and 
Molecules” by M. L. Huggins in ELEc- 


essential that special study be given 
the subject. The group of figures 
shown in Figs. 3 to 19 is intended 


Fig. 1. Nomenclature 


ELECTRON NUCLEUS NORMAL EXCITED 


° ® 


© © : 


ATOM ATOM 


METASTABLE |ONIZED 
PHOTON ATOM ATOM 


TRICAL ENGINEERING for June 1934, p. 
851-6, and ‘“‘A Chart of Consecutive Sets 
of Electronic Orbits within Atoms of 
Chemical Elements” by V. Karapetoff in 
the Journal of the Franklin Institute, v. 
210, 1930, p. 609 may be referred to for 
information on the shape of the atoms and 
molecules. 

Some sources of ionization in gases may 
be found, conveniently arranged in a table, 
on p. 128 of “Nature of a Gas” by L. B. 
Loeb (John Wiley & Sons). 

At Professor V. Karapetoff’s suggestion I 
prepared a similar set of figures to be used 
in connection with a course given at 
Cornell University. 

It is suggested that in the remaining 
articles of the science series for engineers, 
which is appearing month-by-month 
in ELECTRICAL ENGINEERING, authors 
do not hesitate to use such “‘picture” 
stories in conveying ideas which they 
wish to impress upon the memory. 

Very truly yours, 
Harry Souon (A’28) 
(Instructor in Elec. Engg., 


Fig. 2. Excitation potentials or energy 
levels 


Fig. 4. Electron strikes normal atom and 
ionizes it 


© 


Fig. 6. Excited atom strikes normal atom 
and ionizes it 


Fig. 8. A normal atom may lose two 
electrons 


Fig. 10. Electron strikes normal atom and 
excites it. The atom emits photon and 
returns to normal 


Fig. 12. Excited atom returns to normal 
emitting photon which knocks an electron 
from solid surface 


Fig. 14. Excited atom collides with 
normal atom forming ionized molecule 


Fig. 16. lonization in two steps. Elec- 
tron excites atom, and photon ionizes it 


@} 


© 
@ 
© 


Fig. 18. lonization in two steps. Meta- 
stable atom excites normal atom and 
photon ionizes the latter 
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Cornell Univ., Ithaca, N. Y.) 


Fig. 3. Atom becomes excited, emits 
photon and returns to normal 


Fig. 5. Electron strikes excited atom and 
ionizes it 


Fig. 7. Excited atom strikes normal 
atom ionizing it, and returns to normal 


Fig. 9. A normal atom may lose one 
electron and have ancthes move to an upper 
eve 


Fig. 11. Collision of the second kind. 

Electron strikes excited atom and rebounds 

at increased velocity as atom returns to 
normal 


Fig. 13. Excited atom returns to normal 
emitting photon which ionizes another 
atom 


Fig. 15. lonization in two steps. One 
photon excites atom, and second photon 
ionizes it 


Fig. 17. lonization in two steps. One 
electron excites atom and second electron 
ionizes it 


Fig. 19. fonization in two steps. Meta- 
stable atom excites normal atom and elec- 
tron ionizes the latter 
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JosEPH SLEPIAN (A’17, F’27) consulting 
research engineer, Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa., and his co-author L. R. Lupwic 
(A’28) have been awarded the 1933 A.I.- 
E.E. national prize for best paper in theory 
and research for their contribution ‘A 
New Method for Initiating the Cathode of 
an Arc.’ Doctor Slepian was born at 
Boston in 1891, and received the degrees of 
A.B., A.M., and Ph.D. from Harvard, the 
last in 19138. After a year of study in Ger- 
many and Paris he was an instructor in 
mathematics at Cornell University until 
he entered the student course of the West- 
inghouse company in 1916. He joined the 
research department in 1917, shortly there- 
after being given charge of the development 
of electrolytic condensers. In 1921 he de- 
vised the autovalve lightning arrester, and 
as a result of his researches on arcs he later 
produced the deion circuit breaker. Doc- 
tor Slepian holds numerous patents and 
has written many Institute papers. He 
is at the present time serving on 3 Institute 
committees, being chairman of the electro- 
physics committee. 


L. R. Lupwic (A’28) an electrical engi- 
neer for the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pa., and his co-author JOSEPH SLEPIAN 
(A’17, F’27) have been awarded the 1933 
A.I.E.E. national prize for best paper in 
theory and research for their contribution 
“A New Method for Initiating the Cathode 
of an Are.” Mr. Ludwig was born at 
Kansas City, Mo., in 1904 and received the 
degree of B.S. from the University of Illinois 
in 1925. Following graduation he entered 
the electrical design school of the Westing- 
house company and later became assistant 
to the chief electrical engineer. In 1928 
he entered the railway motor engineering 
department, and in 1929 he received the 
Lamme memorial scholarship; during 1929-— 
30 he was a graduate student at the Uni- 
versity of Berlin. Since 1931 Mr. Ludwig 
has been associated with Doctor Slepian 
in the research department. He has pre- 
pared several Institute papers. 


T. B. WacNER (Enrolled Student) Port- 
land, Ore., has been awarded the 1933 
A.J.E.E. national prize for Branch paper 
for his paper ‘‘A Universal Measuring In- 
strument for Communication Circuits.” 
Mr. Wagner received the degree of B.S. in 
electrical engineering from Oregon State 
College in 1933, and the degree of M.S. in 
electrical engineering in 1934. He was ac- 
tive in communication work while at col- 
lege, being radio operator during 1932-34 
at station KOAC, which is a one-kilowatt 
broadcast transmitter. He also built, re- 
paired, and installed radio and other com- 
munication equipment at the college, and 
during 1933-34 he was assistant to A. L. 
ALBERT (A’27), associate professor of elec- 
trical engineering. He is a member of 
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Sigma Pi Sigma and of Eta Kappa Nu, and 
joined the student branch of the Institute 
in 1930. 


C. H. Wiis (A’22, M’28) associate 
professor of electrical engineering, Princeton 
University, Princeton, N. J., has received 
honorable mention in the 1933 A.I.E.E. 
national prize award for best paper in theory 
and research for his paper ‘“‘Amplifications 
of Harmonic Commutation for Thyratron 
Inverters and Rectifiers.” Doctor Willis 
was born in Culpeper County, Va., in 1893. 
He received the degrees of B.A. from the 
University of Richmond in 1914 and B.S. 
in Engineering from Johns Hopkins Uni- 
versity in 1916. He entered the cadet 
course of the New York Edison Company, 
but served in the Signal Corps during the 
war, being commissioned second lieutenant 
in 1918, and remaining with the army of 
occupation until 1919. From then until 
1925 he was in the physics department of 
the University of Richmond, with a year 
of graduate study, 1922-23, at Johns Hop- 
kins University, from which he received the 
degree of Ph.D. after an additional year of 
study there in 1926. He then became as- 
sistant professor of electrical engineering 
at Princeton University, and has been as- 
sociate professor since 1929. During this 
time he has spent 2 leaves of absence in the 
research laboratory of the General Electric 
Company in Schenectady, N. Y. He is at 
present on 2 Institute committees. 


B. W. KENDALL (M’18, F’29) toll trans- 
mission engineer, Bell Telephone Labora- 
tories, Inc., New York, N. Y., with his co- 
author A. B. CiarK (M’19, F’80) has re- 
ceived honorable mention in the award of 
the 1933 A.I.E.E. national prize for best 
paper in theory and research for the paper 
“Carrier in Cable.’ Mr. Kendall was born 
in Gardner, Mass., in 1883, and graduated 
from Massachusetts Institute of Technology 
in 1906 with the degree of B.S. Following 
graduate study in physics at Columbia 
University, New York, N. Y., he became 
an instructor there, and entered the re- 
search laboratory of the Western Electric 
Company in 1913. At this tiime his work 
was principally on telephone repeaters, but 


L. R. LUDWIG 


T. B. WAGNER 


in 1915 he devoted a year to radio appara- 
tus. In 1919 he was a member of a group 
sent to France to study a project for a tele- 
phone cable to connect Paris with Alsace 
and Lorraine. Upon his return he was 
given charge of toll development in the 
Western Electric Company and later in the 
Bell Telephone Laboratories. The work 
described in several Institute papers has 
been done in his department. Mr. Ken- 
dall is a member of the American Physical 
Society, the New York Electrical Society, 
and the Telephone Pioneers of America. 


G. B. ScHLEICHER (A’20) technical as- 
sistant, meter division, Philadelphia Elec- 
tric Company, Philadelphia, Pa., has re- 
ceived honorable mention in the 1933 
A.I.E.E. national prize awards for initial 
paper for his contribution ‘“‘Compensating 
Metering in Theory and Practice.” Mr. 
Schleicher was born at Hamburg, Germany, 
and came to the United States in 1909. 
He graduated from the electrical construc- 
tion course of the Philadelphia Trades 
School in 1915 and from Drexel Institute, 
Philadelphia, in 1919. From 1915 to 1917 
he was employed by Leeds and Northrup 
Company, Philadelphia, for experimental 
work on electric resistance furnaces, and 
since 1917 he has been in the testing section 
and meter division of the Philadelphia 
Electric Company. Mr. Schleicher has 
prepared 2 papers for technical publications, 
and is the inventor of a compensating meter. 
He is secretary of the Philadelphia Society 
of Metermen and a member of the Pennsyl- 
vania Electric Association, and was awarded 
the silver medal for distinguished service 
rendered as a member of the International 
Jury of Awards, Sesqui-Centennial Expo- 
sition, Philadelphia, 1926. 


A. B. CyarK (M’19, F’30) toll transmis- 
sion engineer, American Telephone and 
Telegraph Company, New York, N. Y., 
with his co-author B. W. Kenpaiy (M’18, 
F’29) has received honorable mention in 
the award of the 1933 A.I.E.E. national 
prize for best paper in theory and research, 
for the paper ‘‘Carrier in Cable.” Mr. 
Clark was born in Clay Centre, Ohio, in 
1890. In 1911 he graduated from the 
University of Michigan with the degree of 
B.E.E. In that year he entered the en- 
gineering department of the company, and 
in 1919 took charge of a section of the de- 
partment of development and research. 
He has been in this department since that 
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1237 


W. J. MOULTON-REDWOOD 


time, and is the inventor of a number of 
devices and systems, for the most part per- 
taining to long distance telephone trans- 
mission. He has written several papers on 
various developments. Mr. Clark is also 
a fellow of the Acoustical Society of America 
and a member of the American Association 
for the Advancement of Science. 


C. L. Dawes (A’12, M’15) associate pro- 
fessor of electrical engineering, Harvard 
University, Cambridge, Mass., has been 
awarded the 1933 A.I.E.E. North Eastern 
District prize for best paper jointly with 
his co-author P. H. Humpuriss. (A’26) 
for their paper ‘‘The Electrical Character- 
istics of Impregnated Cable Papers.” 
Professor Dawes was born at Somerville, 
Mass., in 1886 and received the degree of 
B.S. in electrical engineering from the 
Massachusetts Institute of Technology in 
1909, where he remained as an assistant un- 
til 1911, when he became an instructor at 
Harvard. During the summers of these 
2 years he worked for the Edison Electric 
Illuminating Company of Boston, Mass. 
In 1913-14-15 he was professor of electrical 
engineering at the United States Naval 
Academy on leaves of absence, and assisted 
in establishing the post graduate school for 
naval officers. The schools of Harvard 
and Massachusetts Institute of Technology 
were combined from 1915 to 1919, and dur- 
ing the war Professor Dawes was an in- 
structor in electrical engineering and radio- 
telegraphy at the Naval Aviation Ground 
School, at M.I.T. He was appointed as- 
sistant professor of electrical engineering 
at Harvard in 1919, and became associate 
professor in 1931. He has been connected 
with a number of electrical industries for 
some years in a consulting capacity, and 
has contributed several papers on engineer- 
ing and educational subjects. 


P. H. Humenries (A’26) assistant pro- 
fessor of electrical engineering, Tulane 
University, New Orleans, La., shares with 
his co-author C. L. Dawes (A’12, M’15) 
the award of the Institute’s North Eastern 
District 1933 prize for best paper, their con- 
tribution being ‘“‘The Electrical Character- 
istics of Impregnated Cable Papers.” Pro- 
fessor Humphries was born at Inlet, Va., 
in 1903. In 1917 he moved to Boston, 
Mass., and graduated from Boston Latin 
School in 1921, in’ which year he entered the 
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electrical engineering course of Harvard 
University. He graduated with honors in 
1925, after which he spent 1 year as an as- 
sistant and 2 years as an instructor in the 
electrical engineering department. He re- 
ceived the degree of M.S. in electrical en- 
gineering in 1928, and was a research asso- 
ciate until 1930, when he was appointed 
assistant professor of electrical engineering 
at Tulane University. In addition to teach- 
ing he is engaged in research upon the elec- 
trical characteristics of ionized gas films 
and related problems in high voltage engi- 
neering. He has been co-author with Pro- 
fessor Dawes of several previous papers. 
Professor Humphries is a member of the 
Society for the Promotion of Engineering 
Education, American Association of Uni- 
versity Professors, Sigma Xi, Harvard 
Engineering Society, and American Acad- 
emy of Political and Social Sciences. 


R. F. Epcar (A’29) General Electric 
Company, Schenectady, N. Y., has received 
the 1933 A.I.E.E. North Eastern District 
prize for initial paper for his paper ‘‘Loss 
Characteristics of Silicon Steel at 60 
Cycles With D-C Excitation.’”? Mr. Edgar 
is a native of the Middle West, having 
been born on a farm near Detroit, Mich., 
in 1905. His family subsequently moved 
to a wheat ranch in North Dakota, and 
he attended school and college in Minne- 
apolis, Minn., receiving the degree of B.S. 
in electrical engineering from the Univer- 
sity of Minnesota in 1927. He remained 
2 years longer, engaging in teaching and 
graduate work, and received the degree of 
M.S. in electrical engineering in 1929. In 
the summer of that year he came to 
Schenectady to enter the test course of the 
General Electric Company, and in the fall 
of 1980 was transferred to the magnetic 
division of the general engineering labora- 
tory. Mr. Edgar is a member of Eta 
Kappa Nu, Tau Beta Pi, and Sigma Xi. 


E. L. ANGELL (A’34) meter department, 
Narragansett Electric Company, Providence, 
R. L., has been awarded jointly with his co- 
author H. L. ANprrson (A’34) the 1933 
A.I.E.E. North Eastern District prize for 
Branch paper for their paper “A Study of 
Mercury Switches.’”’ Mr. Angell was born 
at Woonsocket, R. I., in 1912 and received 
the degree of B.S. in engineering from Brown 
University in 1933. While in college he 
specialized in the field of electrical engineer- 
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ing and was a student member at the time 
the paper was written. 


H. L. ANDERSON (A’34) meter depart- 
ment, Narragansett Electric Company, 
Providence, R. I., shares with E. L. ANGELL 
(A’34) the 1933 A.J.E.E. North Eastern 
District prize for Branch paper for their 
paper “A Study of Mercury Switches.” 
Mr. Anderson was born at Cranston, R. I., 
in 1911. He received the degree of B.S. in 
engineering from Brown University, Pro- 
vidence, in 1933, having specialized in elec- 
trical engineering. He was an Enrolled 
Student at the time the paper was written. 


W. J. Movurton-Repwoop (A’20) con- 
sulting and appraisal engineer, Toronto, 
Ont., Canada, has been awarded the 1933 
A.J.E.E. Canada District prize for best 
paper for his paper ‘“‘Valuation and Depre- 
ciation.”” Mr. Moulton-Redwood was born 
at London, England, in 1893 and received 
his education there. After some experience 
in an electrical laboratory and as a drafts- 
man in a foundry he came to the United 
States in 1914 and worked on construction. 
With the outbreak of the war he was com- 
missioned in the Canadian Expeditionary 
Force, and was seriously wounded at Cam- 
brai in 1918. He returned to Canada in 
1920 and was employed by the Canadian 
National Carbon Company and the Prest- 
O-Lite Company. He has also been em- 
ployed by General Motors Corporation in 
New Zealand, and on the valuation staff of 
the Canadian National Railways. His 
most recent work of note has been the ap- 
praisal of the physical assets of the General 
Steel Works for the whole of Canada. He 
is now a registered professional engineer of 
the Providence of Ontario. 


C. F. Himes (A’34) electrical department, 
Stanolind Pipe Line Company, Haven, 
Kan., has been awarded the 1933 A.I.E.E. 
North Eastern District prize for Branch 
paper for his paper ‘Aviation Radio.” 
Mr. Himes was born at Edmond, Okla., in 
1909. On completion of high school he 
entered the State Teachers’ College in Ed- 
mond, from which he received a life certifi- 
cate in 1928. After another year of study 
of courses which would apply in engineering 
he entered Oklahoma Agricultural and Me- 
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chanical College at Stillwater, Okla., from 
which he received the degree of B.S. in elec- 
trical engineering in 1933, having returned 
to the State Teachers’ College in 1931 to 
receive the degree of B.S. in education. He 
was interested in aviation and during col- 
lege was co-organizer of a glider club in 
1930, engaging also in other campus activi- 
ties. Before his present employment he 
was a teacher in the Mound Valley Public 
School at Hominy, Okla. 


C. M. Davis (A’08) formerly assistant 
engineer of the transportation department, 
General Electric Company, Erie, Pa., 
has been appointed engineer in charge of 
that department. Mr. Davis is a native 
of Chicago, Ill., and was graduated from 
the University of Michigan in 1908. He 
received his master’s degree at Union Col- 
lege in 1909, and entered the test depart- 
ment of the General Electric Company at 
Schenectady, N. Y., in that year. Follow- 
ing some time in the consulting engineering 
department under Dr. C. P. Steinmetz he 
entered the railway engineering department 
in 19138, and became assistant engineer in 
1930, the department meanwhile having 
been moved to Erie. In 1924 he was sent 
to Australia in connection with the South 
Wales Government Railway electrification. 


A. L. Powe tt (A’18, F’26) supervising 
engineer, incandescent lamp department, 
General Electric Company, New York, 
N. Y., has been elected president of the 
Illuminating Engineering Society for the 
year 1934-35. Mr. Powell is an inter- 
nationally known authority on illumination 
design and application, and as lighting con- 
sultant for the Rockefeller Center-develop- 
ment originated many of the ingenious 
effects in the Radio City Music Hall and 
other buildings. He has been with the 
General Electric Company since 1910, and 
is a member of the U.S. National Com- 
mittee of the International Commission on 
ILumination. He is at present serving the 
Institute on the board of examiners and on 
the committee on the production and ap- 
plication of light. 


L. W. Cxuuss (A’09, F’21) director of the 
research laboratories of the Westinghouse 
Electric and Manufacturing Company, has 
been awarded the Lamme medal of Ohio 
State University, the presentation taking 
place on June 11, 19384. Except for a short 
period with the Radio-Victor Corporation 
of America, he has served the same company 
continuously since his graduation from Ohio 
State. Mr. Chubb has been active in 
standardization work and has twice served 
as a delegate of the International Electro- 
technical Commission. He has served on 
numerous committees of the Institute since 
1914. His development work has resulted 
in his being awarded some 200 patents in 
the electrical, mechanical, chemical, elec- 
trochemical, and welding fields. 


T. W. Carraway (A’21, M’32) former 
manager of the Unit Cooler Division of the 
Grinnell Company, resigned that position 
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on January 1, 1934, to head the Carraway 
Engineering Company, although he retains 
identity with the former company in a dif- 
ferent capacity. Mr. Carraway has de- 
signed and supervised the installation of 
about 100 plants of various sizes during 
the past 10 years, and has designed a num- 
ber of automatic controls. While in the 
Army he installed the 2 largest plants of 
their kind on the American continent, at 
Camp Holabird, Baltimore, and Camp 
Normoyle, San Antonio. 


J. L. Horton (A’30) division engineer, 
New York and Queens Electric Light and 
Power Conipany, New York, N. Y., has 
been awarded a James H. McGraw prize 
by the Edison Electric Institute for his 
paper “‘Engineering Necessary in the De- 
velopment of an Extensive Low Voltage 
Network,’ which was judged one of the 3 
most meritorious papers on any engineering 
or technical subjects relating to the light 
and power industry. 


C. E. Tutvar (A’22, M’31) manager of 
the patent department of the General Elec- 
tric Company, Schenectady, N. Y., has 
been elected a vice president in charge of 
that department. Mr. Tullar has been 
with the company since 1919, having pre- 
viously been in the U.S. Patent Office. He 
is a member of the bar of the Supreme 
Court and the Court of Appeals of the Dis- 
trict of Columbia, and of the bar of the 
Supreme Court of the United States. 


H. L. ANpreEws (A’16, M’26) former 
engineer in the transportation department 
of the General Electric Company, Erie, 
Pa., has been elected a vice president in 
charge of the activities connected with the 
electrification of steam railroads, and such 
other duties as may be assigned to him by 
the president. Mr. Andrews entered the 
testing department in 1910 and has been 
engineer of the transportation department 
since 1929. 


E. B. Meyer (A’05, F’27, and vice presi- 
dent) vice president, United Engineers and 
Constructors, Inc., Newark, N. J., has been 
elected first vice president of the New York 
Electrical Society. Mr. Meyer has been 
active for many years in Institute affairs 
and has served the Institute in many im- 
portant capacities, including the vice presi- 
dency for District No. 3 from which he re- 
tired Aug. 1, 1934. 


D. D. SmaLiey (A’20, M’38) distribution 
superintendent of the Midland Counties 
Public Service Corp., Santa Maria, Calif., 
has been appointed general superintendent 
of the San Joaquin Light and Power Corpo- 
ration, to succeed E. A. Quinn (M’15). 
Mr. Smalley has been with the San Joaquin 
and Midland Counties organizatioms since 
1911. He will continue to supervise the 
operations of the Midland subsidiary. 


A. W. BERRESFORD (A’94, F’14, member 
for life, and past president) has resigned as 
managing director of the National Electrical 
Manufacturers Association whose activi- 
ties he has guided for 5 years. Mr. Berres- 
ford was president of the Institute 1920-21, 
having served previcusly as a manager and 
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as a vice president. A biographical sketch 
of Mr. Berresford is given on p. 804 of 
ELECTRICAL ENGINEERING, May 1934. 


S. O. SCHAMBERGER (A’21) hydraulic 
engineer, New York Power and Light Com- 
pany, Albany, N. Y., has been awarded a 
James H. McGraw prize by the Edison 
Electric Institute for his paper “Hydro 
Station Operation With Minimum Loss,” 
which was judged one of the 3 most meri- 
torious papers on any engineering or tech- 
nical subjects relating to the light and power 
industry. 


I. E. Mouttrop (A’10, F’29) chief en- 
gineer and superintendent of construction 
bureau, Edison Electric Illuminating Com- 
pany of Boston, Mass., is a member of the 
executive committee of the Engineering 
Societies of New England. He has served 
on numerous Institute committees and is 
now a member of the committees on power 
generation and automatic stations. 


H. H. Spencer (A’25) formerly assistant 
engineer of the New England Power Con- 
struction Co., Boston, Mass., has joined 
the Raytheon Manufacturing Corporation, 
Newton, Mass., where he will specialize 
in problems of product development. Mr. 
Spencer is a member of the committee on 
power transmission and distribution, having 
served since 1931. 


WiLLtiAM FONDILLER (M’15, F’26) as- 
sistant director of apparatus development, 
Bell Telephone Laboratories, New York, 
N. Y., has accepted the invitation of the 
Columbia University school of engineering 
to act as research associate in the depart- 
ment of industrial engineering. Mr. Fon- 
diller served on the electrophysics com- 
mittee of the Institute, 1922-24. 


H. S. Vassar (A’06, M’18) laboratory 
engineer, Public Service Electric and Gas 
Company, Irvington, N. J., has been 
elected a vice president of the American 
Society for Testing Materials. Mr. Vassar 
served the Institute on the electrophysics 
committee, 1920-21, and on the instruments 
and measurements committee, 1920 and 
1922-25. 


R. C. Murr (A’08, M’19) manager of the 
engineering department of the General 
Electric Company, Schenectady, N. Y., has 
been elected a vice president in charge of 
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the engineerigg department. Mr. Muir 
has been with the General Electric Company 
since he entered the student course in 1905, 
most of the time in the industrial engineer- 
ing department. 


L. V. Surron (A’11) president and gen- 
eral manager of the Carolina Power and 
Light Company, Raleigh, N. C., has been 
elected second vice president of the South- 
eastern Electric Exchange, which is the 
successor to the Southeastern geographic 
division of the former National Electric 
Light Association. 


C. C. Driscoiy: (A’28) formerly in the 
frequency change department of the Con- 
sumers Power Company, Grand Rapids, 
Mich., left recently to return to his home in 
Australia, where he will be associated with 
K. H. Minne (A’26) as an engineer with the 
Adelaide Electric Supply Company, Ade- 
laide, Australia. 


E. O. SHREvE (A’08) former assistant 
vice president, has been elected vice presi- 
dent in association with Vice President 
J. G. Barry (A’03) in the commercial ac- 
tivities of the apparatus and supply busi- 
ness of the General Electric Company, 
Schenectady, N. Y. He has been asso- 
ciated with the company since 1904. 


BANCROFT GHERARDI (A’95, M’04, F’12, 
past president, and member for life) vice 
president and chief engineer, American 
Telephone and Telegraph Company, New 
York, N. Y., has been appointed a repre- 
sentative of the Institute on the John Fritz 
Medal board of award, to succeed the late 
W.. S. Lee. 


E. A. Quinn (M’15) general superinten- 
dent of the San Joaquin Light and Power 
Corporation, Fresno, Calif., has resigned on 
account of ill health. Mr. Quinn has been 
a member of the San Joaquin organization 
since 1914, during most of that time occupy- 
ing the post from which he resigned. 


R. D. Litiiprice (A’02, M’19) former 
president of Ray D. Lillibridge, Inc., has 
recently established an advertising business 
under the name of Lillibridge, Adamson, 
and Kitchen. Mr. Lillibridge has been 
engaged in the advertising of electrical and 
other products for 25 years. 


W. O. BaTCHELDER (A’08) central dis- 
trict manager of the General Electric Com- 
pany, Chicago, Ill., has been elected a 
commercial vice president in charge of the 
commercial activities of that district. Mr. 
Batchelder has served previously in the 
Minneapolis, Butte, and Detroit offices. 


L. A. S. Woop (M’24) manager, exterior 
lighting section, Westinghouse Electric and 
Manufacturing Company, Cleveland, Ohio, 
has been elected a vice president of the 
Illuminating Engineering Society. 


R. H. Hucues (A’20, M’30) assistant 
vice president, New York Telephone Com- 
pany, New York, N. Y., has been elected 
second vice president of the New York 
Electrical Society. 
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Obituary 


Harris JOSEPH RYAN (A’87, M’95, F’23, 
past president, and member for life), emeri- 
tus professor of electrical engineering, Le- 
land Stanford, Jr., University, Palo Alto, 
Calif., died on July 3, 1934, from a heart 
attack. He was born at Powells Valley, 
Pa., January 8, 1866, and received his early 
education at Baltimore City College and 
Lebanon Valley College. In 1883 he en- 
tered Cornell University, Ithaca, N. Y., as 
a member of the first class in the newly or- 
ganized course in electrical engineering, for 
which the equipment consisted of that of 
the physics laboratory with the addition of 
a d-c generator made by W. A. Anthony, 
president of the Institute, 1890-91. Fol- 
lowing his graduation in 1887, Professor 
Ryan spent 2 years with the Western En- 
gineering Company, Lincoln, Neb., and 
then returned to Cornell to become an in- 
structor in the physics department. Dur- 
ing 1889 he and Ernest Merritt, who later 
became a president of the American Physi- 
cal Society, prepared a paper on transform- 
ers which was presented before a meeting 
of the Institute in December of that year 
and published in the PROCEEDINGS the fol- 
lowing month. It was this paper which 
first brought him to prominence. He was 
appointed assistant professor of electrical 
engineering in 1890, associate professor in 
1892, and professor and head of the depart- 
ment in 1895 at the age of only 29. One 
of his important works while at Cornell was 
the development of the pole face wind- 
ing and the principle of the interpole 
which counterbalanced the effects of arma- 
ture reaction in d-c machines. He also be- 
came interested in high voltage transmis- 
sion, and succeeded in disproving the then 
common belief that 40,000 volts was the 
maximum economical transmission voltage. 
In the course of this work he constructed an 
air insulated transformer for 90,000 volts 
which was in use in the laboratory for many 
years afterward. The results were pre- 
sented in a paper in 1904. About 1900 
he started a series of studies of the cathode 
ray tube, which he applied to the measure- 
ment of voltage and current. When the 
Ithaca Section of the Institute was author- 
ized in 1902, Professor Ryan became its 
first chairman, a position which he held 
until 1905, when he went to Stanford Uni- 
versity to become professor of electrical 
engineering in charge of the department 
there. In addition to his other work he was 
consulting engineer for the Los Angeles 
Aqueduct Power Bureau from 1909 to 1923. 
He continued his researches in power trans- 
mission, and in recognition of his work the 
university built a high voltage laboratory 
in 1913 in which the principal item of equip- 
ment was a 350,000-volt transformer. Here 
Professor Ryan constructed a 60,000-cycle 
oscillator for use in the study of insulator 
flashover, and in 1916 devised a potentiome- 
ter for measuring the potential across each 
unit in a suspension string. For the year 
1918-19 he was director of the supersonics 
laboratory of the National Research Coun- 
cil, Pasadena, Calif. As voltages contin- 
ued going higher, he was frequently called 
on as a consultant, and devoted much time 


to the study of corona formation on con- 
ductors. He was elected president of the 
Institute for the year 1923-24, and in 1925 
was awarded the degree of doctor of laws 
by the University of California, during 
which year he was also awarded the Edison 
Medal of the Institute. The following 
year the Harris J. Ryan high voltage labo- 
ratory at Stanford University was opened. 
The building and equipment were gifts 
from manufacturing and power companies, 
while the university provided the land, in- 
cluding a strip suitable for a 7-mile experi- 
mental transmission line. He became emeri- 
tus professor in 1931. He was a manager 
of the Institute, 1893-96, and a vice presi- 
dent, 1896-98, as well as president. Among 
the 11 committees on which he served were 
the Edison Medal, the John Fritz Medal 
board of award, and the Coffin fellowship 
and research fund; he also served on the 
United States national committee of the 
International Electrotechnical Commission. 
He was judge, board of awards, at the 
World’s Fair, Chicago, 1893; United States 
delegate to the International Electrical 
Congress, St. Louis, 1904; and member of 
the jury, Panama Pacific International Ex- 
position, San Francisco, 1915. He was a 
member of The American. Society of Me- 
chanical Engineers, the American Physical 
Society, the American Association for the 
Advancement of Science, the National 
Academy of Sciences, the Institute of Radio 
Engineers, Phi Kappa Psi, and Sigma Xi. 


Epwarp Marriotr Hewietr (A’91, 
F’17, and member for life) consulting engi- 
neer, Schenectady, N. Y., died May 24, 
1934, after an illness of a few days. He 
was born at Cold Spring Harbor, N. Y., 
Sept. 14, 1866, and was educated in private 
schools and by private study in civil and 
mechanical engineering and physics. From 
1884 to 1890 he was general manager and 
civil engineer of the Cascade Town Im- 
provement Company of Cascade, Col. 
In 1888 he surveyed and laid out the road 
to the top of Pike’s Peak. He began his 
electrical career in 1890 with the Thomson- 
Houston Electric Company in Lynn, Mass., 
which later became the General Electric 
Company. He was appointed head of the 
switchgear department when it was organ- 
ized in 1898, and from 1907 until 1927 he 
was engineer of this department. At this 
time he became consulting engineer, and 
retired from active service in 1931. Mr. 
Hewlett was responsible for many impor- 
tant developments and held about 160 
patents. Among the projects on which he 
worked were the illumination of the Statue 
of Liberty, the design of switchboards for 
several railway electrifications, notably the 
Interborough Rapid Transit system and 
the New York Central Railroad terminal 
electrification, both in New York. He 
assisted in the development of the oil 
switch and the suspension insulator, and 
designed the control apparatus for operat- 
ing the locks on the Panama Canal. He 
also proposed and designed the modern 
fire control system of the United States 
Navy, and during the World War was chief 
engineer of the Navy Experimental Station 
at New London, Conn. Mr. Hewlett 
served the Institute on the protective de- 
vices committee from 1916 until 1922. 
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FREDERICK GEORGE Proutt (A’03, M’ 04) 
onsulting engineer and chairman of the 
‘ity Board of Water Commissioners of 
Aemphis, Tenn., died May 27, 1934, 
fter an illness of 6 months. Mr. Proutt 
yas born at Bowmanville, Ont., Canada, 
n November 27, 1870. He was employed 
yy the Canadian Bell Telephone Company 
or miscellaneous work in 1877, but he left 
n 1890 to become superintendent of the 
sowmanville Electric Light Company and 
years later entered the student course of 
he General Electric Company at Lynn, 
lass. Upon completion of the course in 
894 he became chief electrician of the Mal- 
len Electric Company, Malden, Mass., 
nd in 1897 joined the Memphis Light and 
-ower Company, Memphis, Tenn., in the 
ame capacity, where he was responsible for 
ebuilding the plant. For 2 years follow- 
ng 1906 he was general manager of the 
treet railway and electric and gas plant at 
ackson, Miss., after which he returned to 
VIemphis and opened his office as a consult- 
ng engineer. He worked as consultant 
or many utilities, and during the war was 
i engineer and appraiser for the War Fi- 
lance Corporation. Since 1920 he had 
een chairman of the board of water com- 
nissioners. Mr. Proutt was a charter mem- 
yer of the Engineers’ Club of Memphis, of 
vhich he was its first president, and a char- 
er member of the Memphis Section of the 
nstitute. He was also a member of The 
\merican Institute of Mechanical Engi- 
1eers. 


Roy Wiii1am Gray (A’03, F’28) for- 
nerly principal telephone and telegraph 
ngineer of the Interstate Commerce Com- 
nission, Washington, D. C., died at Wash- 
ngton, April 28, 1934. He was born at 
3radford, Iowa, in 1875. Following 3 
rears of study at what is now the California 
ustitute of Technology, Pasadena, he be- 
ame engaged with Wybre and Lawrence 
Sompany, Los Angeles, -Calif., contracting 
lectrical engineers, in 1896, as draftsman. 
3etween 1898 and 1910 he was with the 
3ell Telephone system, being employed at 
lifferent times in the states of California, 
Jregon, Washington, Nevada, and Arizona, 
icquiring a wide experience in telephone 
lant construction and operation. In 1910 
le joined the organization of the Western 
Jnion Telegraph Company, becoming di- 
rision plant superintendent of the Pacific 
livision in charge of design, construction, 
nd operation. In 1914 he became senior 
elephone and telegraph engineer for the 
acific district of the Bureau of Valuation 
f the Interstate Commerce Commission. 
n 1921 he became telephone and telegraph 
ngineer of the Interstate Commerce Com- 
nission at Washington, D. C., in charge 
f the telephone and telegraph branch of 
he Bureau of Valuation. During 1913 
nd 1914 Mr. Gray served as a member 
f the joint committee on inductive inter- 
erence of the Railroad Commission of Cali- 
ornia, and a member of its subcommittees 
m tests and on program. 


Epwarp Dusois Maruyey (A’07, F’19), 
Jew York, N. Y., died May 18, 1934, after 
prolonged illness. He was born at Cran- 
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ford, N. J., August 22, 1873, and graduated 
from Stevens Institute of Technology in 
1894 with the degree of M.E. His first 
work was as draftsman for street railway 
companies, designing the west side sub- 
stations for the Manhattan Elevated Rail- 
way Company, New York, N. Y., in 1901. 
In 1902 he joined Westinghouse Church 
Kerr and Company, New York, where he 
remained until 1917. During this time he 
was in charge of electrical design of the 
Pennsylvania Railroad power station in 
Long Island City, N. Y., and of substations 
of the Long Island Railroad. He was also 
engineer of electrical work for several power 
installations. In 1917 he became electrical 
engineer in charge of the electrical division 
of Air Nitrates Corporation, agents for the 
United States government for the design, 
coustruction, and operation of plants for 
nitrate production. His work included 
plants at Muscle Shoals, Ala., Toledo, Ohio, 
and Cincinnati, Ohio. The last 2 were not 
completed because of the signing of the 
armistice. He continued the same type of 
work after the war, joining the American 
Cyanamid Company, New York, as elec- 
trical engineer, which involved oven, elec- 
tric furnace, power, and other electrical and 
electrochemical operations. 


Harry ALLEN CuRRIE (A’03, F’29) elec- 
trical engineer, New York Central Railroad 
Company, New York, N. Y., died suddeniy 
on June 9, 1934, of angina pectoris. He 
was born at Maitland, Nova Scotia, on 
August 25, 1872. He attended high school 
at Halifax, Nova Scotia, and followed this 
with a course at Cooper Union, New York, 
N. Y., having also spent some time at sea. 
From 1894 to 1903 he was employed by the 
Brooklyn Heights Railway, Brooklyn, N. Y., 
in power house operation, electrification of 
elevated lines, and general maintenance of 
rolling stock. In 1903 he entered the ser- 
vice of the New York Central Railroad, 
where his first work was at Schenectady, 
N. Y., in connection with development for 
the electrification of that railroad. He was 
transferred to New York in 1906 to take 
charge of third rail installation, and the 
following year was appointed assistant elec- 
trical engineer, becoming electrical engineer 
in 1928. He was in charge of the electrical 
work for the improvements now nearing 
completion on the West Side, New York 
City, and was a consulting engineer for 
the electrification of the Cleveland (Ohio) 
Union Terminal. Mr. Currie was a member 
of the board of examiners 1930-84, and of 
the committee on transportation 1931-34. 


Lzeonarp P. Dickinson (A’07, M’28) 
professor of electrical engineering, Univer- 
sity of Vermont, Burlington, Vt., died in 
the early part of June 1934. He was born 
at Hill, N. H., May 3, 1874. After re- 
ceiving his degree in the electrical engi- 
neering course at Massachusetts Institute 
of Technology, Cambridge, Mass., in 1896, 
he worked for short periods for the Ameri- 
can Telephone and Telegraph Company 
and the General Electric Company, and 
then began teaching in 1898. During the 
next few years he was an instructor at the 
University of Maine, Orono, Me.; Manual 


Training School, New Haven, Conn.; 
Armour Institute of Technology, Chicago, 
Ill; and Lafayette College, Easton, Pa. 
He became professor of physics and elec- 
trical engineering at Rhode Island State 
College, Kingston, R. I., in 1909, and re- 
mained there until 1919 when he went to 
Constantinople, now Istanbul, Turkey, as 
professor of electrical engineering at Robert 
College. He returned 2 years later to be- 
come professor of electrical engineering at 
the University of Vermont. In each of 
these last 3 he was head of the department. 
Professor Dickinson was a member of the 
Society for the Promotion of Engineering 
Education. 


James MILNE (M’83) electrical and me- 
chanical engineer, City of Toronto, Ont., 
died suddenly on May 21, 1984. He was 
born in Scotland, January 29, 1865, and re- 
ceived his technical education at Gordons 
College, Aberdeen. From i881 to 1886 
he served an apprenticeship as a mechanical 
engineer, and in 1887 came to Canada, 
where he was employed by the Edison Gen- 
eral Electric Company in Montreal. For 
6 years following 1890 he was general super- 
intendent of the Toronto Electric Light 
Company, after which he taught for 2 years 
in the Toronto Technical School. He then 
became general manager and chief engineer 
of The Underfeed Stoker Company, To- 
ronto, and also engaged in consulting engi- 
neering. In 1906 he accepted the position 
of general superintendent of the British 
Columbia Electric Railway Company, Van- 
couver, B. C., which he left in 1910 to en- 
gage in consulting engineering in Vancouver, 
Windsor, Ont., and Toronto. He assumed 
his duties as engineer for the City of To- 
ronto in 1914 and was so engaged until his 
death. Mr. Milne was a member of The 
American Society of Mechanical Engineers 
and of the Professional Engineers of On- 
tario. 


FLoyp EL.iotr DELLINGER (A’26, M’33) 
overhead electrical engineer of the Los 
Angeles Gas and Electric Corporation, Los 
Angeles, Calif., died suddenly of a heart 
attack on June 8, 1934. He was born at 
Java Village, Wyoming County, N. Y. 
Starting with the Olean Electric Light and 
Power Company, Olean, N. Y., in 1898, he 
was afterward engaged in wiring with the 
Pan-American Exposition Company, Buf- 
falo, N. Y., in 1901, and as a foreman of 
wiring and line construction with the Gen- 
eral Machinery Company, Suffolk, Va., in 
1902. He returned to Olean in that year 
as electrician with the Vacuum Oil Company 
and in 1905 joined the Nevada California 
Power Company for 4 years at Goldfield, 
Tonopah, and Manhattan, Nev., as wire- 
man, foreman, and superintendent. In 
1909 he entered the Los Angeles Gas and 
Electric Corporation as a meter tester, later 
becoming inspector, foreman, and overhead 
electrical engineer. Mr. Dellinger was a 
member of the Los Angeles Electric Club 
and the Pacific Coast Electrical Associa- 
tion. He served on the Institute’s member- 
ship committee 1928-29 and was chairman 
of the Los Angeles Section 1932-33. 
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WILi1AM Morton Scott (M’22) division 
superintendent, Utah Power and Light 
Company, Salt Lake City, Utah, died May 
20, 1934, from heart trouble. His death 
occurred in Reno, Nev., while he was on a 
vacation trip to California. Mr. Scott was 
born at New Point, Ind., July 5, 1864. He 
studied a course in lighting and railways 
through the International Correspondence 
School, and went to Utah as a young man, 
entering the Union Power and Light Com- 
pany in 1897. He became construction 
superintendent of lines 6 years later, and, 
absorbing additional responsibilities in the 
fast growing industry, was made superin- 
tendent of the Salt Lake division of the 
Utah Power and Light Company about 
1914, in which position he was in charge of 
substations, electrical service, and line con- 
struction. During this time he handled 
many problems incident to the growth of 
the electrical industry in that territory. 
He was active in many organizations and 
was vice president of the Salt Lake Council 
of the Boy Scouts of America. At the 
time of his death Mr. Scott was secretary 
of the Utah Section of the Institute. 


HERMANN C. Henricr (M’28) president, 
Henrici, Lowry Engineering Company, 
Kansas City, Mo., died May 30, 1934, 
following an illness of several months’ dura- 
tion. He was born at Kansas City, Mo., 
in 1884, graduating from Massachusetts 
Institute of Technology in 1906. Upon 
graduation he entered the engineering de- 
partment of the Missouri and Kansas Tele- 
phone Company, Kansas City. The fol- 
lowing year he became a manager, holding 
this position until he left the company in 
1909 for work in the W. T. Osborn Electric 
Company, contractors and engineers. In 
1913 he joined the company of which he 
became president. In this firm he designed 
and supervised the installation of power 
plants and water works, and prepared 
appraisals and presented them _ before 
public utilities commissions in several mid- 
western states. Much of the work was 
for municipalities. He was a member of 
the American Society of Heating and Ven- 
tilating Engineers, the American Society 
of Refrigerating Engineers, and of the En- 
gineers’ Club. 


Pau W. Rrppce (A’04, M’13), The Con- 
necticut Company, New Haven, Conn., 
died May 15, 19384. He was born at Or- 
bisonia, Pa., May 8, 1877, and after com- 
pleting high school studied electrical engi- 
neering through the International Corre- 
spondence Schools. He then was employed 
by the Westinghouse Electric and Manu- 
facturing Company for 7 years, leaving in 
1904 to accept a position as electrical engi- 
neer with the Lehigh Valley Railroad Com- 
pany. Three years later he was employed 
by the Worcester Consolidated Street Rail- 
way Company, Worcester, Mass., where 
he remained until 1912, when he joined the 
Connecticut Company as chief engineer, 
having supervision of power equipment 
and rolling stock, including that of several 
subsidiary New England street railway 
companies. 


RALPH ROBERTS LAxTON (A’04, M’18) 
sales engineer, Westinghouse Electric and 
Manufacturing Company, Charlotte, N. C., 
died April 15, 1984. He was born at Mor- 
gantown, N. C., April 21, 1870, and at- 
tended high school there. He received 
private instruction in engineering and law. 
Following varied experience in railroad and 
power plant work he became assistant to the 
local manager of the General Electric Com- 
pany in Atlanta, Ga., in 1908, and after a 
short period of supervisory work joined the 
Westinghouse organization in 1906, work- 
ing in Atlanta and Charlotte offices. 


GEORGE Martin McCarty (A’22, M’30) 
telephone engineer, American Telephone 
and Telegraph Company, New York, N. Y., 
died March 380, 1934. He was born at 
Norwich, N. Y., Sept. 2, 1881. He gradu- 
ated from Brooklyn Polytechnic Institute 
in 1906, and entered the New York Tele- 
phone Company, where he was engaged in 
general design work. In 1912 he joined 
the A. T. and T. Co., where he was con- 
cerned with the design and layout of equip- 
ment of manual and dial apparatus. Lately 
he has supervised the investigation of new 
magnetic, insulating, contacting, and struc- 
tural materials. 


Membership 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. If the applicant has 
applied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before Aug. 31, 1934, or Oct. 31, 
1934, if the applicant resides outside of the United 
States or Canada. 


Aunen, H. J., Stone & Webster Engg. Corp., Lake 
Charl es, La: 

Barstow, J. MacD., Bell Tel. Lab., N. Y. City. 

Beckwith, S:; Metropolitan Water Dist. of Southern 
California, Los Angeles. 

Boyce, H. A., jr. Amer. Tel. & Tel. Co., Cleveland, 


io. 
Breen, F. J., Jr., Cincinnati Bell Tel. Co., Cincinnati, 
io. 
eee W. R., City of Thomasville, Thomasville, 


a. 


Day, I. F., U.S. Lighthouse Service, 


re. 
Dunseath, H., Jr., Menlo Hotel, Oakland, Calif. 
Healis, G. A., I-T-E Circuit Breaker Co., Philadel- 


phia, Pa 
1912 N. Damen Ave., 


Portland, 


Kawecki, H. ey 
Til. 
Kettig, T. H., Southern Bell Tel. 


Ky. 

Johnson, C. O. (Member), Bd. of Public Utilities, 
Jamestown, N. Y. 

Johnston, E. F., N. Y. Hospital, N. Y. City. 

LaBarr, W. W., Allis-Chalmers Mfg. Co., Los 
Angeles, Calif. 

Langley, R. H. (Member), 165 Broadway, N. Y. 


Chicago, 


Co., Louisville, 


City 
iepnards ™M. G., Westinghouse Elec. & Mfg. Co., 
Sharon, Par 


Love, W. S., Niagara Lockport & Ontario Power 
Co., Olean, N. Y. 

Morrill, W., Virginia Elec. & Power Co., Williams- 
burg, Va. 
Murray, C. 8., Jr., N. Y. Edison Co., N. Y. City. 

Myrick, E. B. Gen. Elec. Co., Louisville, Ky. 

pags G., Mountain Park Collieries, Ltd., Alberta, 
an. 

Peck, C. E., Westinghouse Elec. & Mfg. Co., E 
Pittsburgh, Pa. 


Philips, E. D., Chesapeake & Potomac Tel. Co,, 
Washington, Dec: 

Schuler, G. J., N. Y. Steam Corp., N. Y, City. 

Van Vechten, G. B., Bklyn. Edison Cot ‘Inc., 
Brooklyn, N. Y. 


25 Domestic 


L 
Foreign 4 
Claricia, P. M., Western Equip. & Supply Comm 
Manila, Philippines. } 
Harrap, G. V., North-Eastern Elec. Supply Co,, — 
Ltda Dunston, Gateshead, Eng. 
Jamora, iby, URS Iloilo, Philippines. 
Matto, R. N. ” (Member), Supply Centre, Srinagar 
Kashmir, India. 
Ramakrishna, R., Tata Power Co., Ltd., Kalyan, 
India. 


5 Foreign 


Recommended 


for Transfer 


The board of examiners, at its meeting of July 
25, 1934, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


Dorsey, Herbert G., principal E.E., U.S. Coast?& 
i.Geodetic Survey, Washington, D. C 


1 to Grade of Fellow 


To Grade of Member 

Bellaschi, Peter L., devpmt. and res. engr., West- 
inghouse Elec. & Mfg. Co., Sharon, Pa. 

Brosnan, Thomas J., E.E., Buffalo, Niagara & 
Eastern Power Corp., Buffalo, aye 

Carlson, Edward, Jr., E.E., Blackstone Valley Gas 
& Elec. Co., Pawtucket, RoI: 

Ewart, J. Norton, asst. elec. supt., C. R. Huntley 
Steam Stations of Buffalo Gen. Elec. Co., 
Buffalo, N. Y. 

Faus, Harold coe devpmt. eng., Gen. Elec. Co., 
West Lynn, Mass. . 
Ferguson, Edward F., chief engr., Gustav Hirsch 

Organization, Columbus, Ohio. 

Ferguson, Whitworth, vice president and E.E., 
Robertson Elec. Constr. Co., Buffalo, N. Y. 
Fosdick, Ellery R., asst. engr., Public Service Com-- 

mission, Olympia, Wash. 

Grasser, Arthur P., E.E., Cleveland Elec. Ilum, 
Co., Cleveland, Ohio. 

MacDonald, Cecil J., asst. E.E., Susquehanna 
Collieries Co., Nanticoke, Pa. 

McKinley, Victor L., asst. network engr., 
ville Gas & Elec. "Co., Louisville, Ky. 

Scanlon, J. Leo, elec. sales engr., J. Leo Scanlon 
Co., Buffalo, N. Y. 

Scott, John Alexander, E.E., Gen. Elec. Co., Sche- 
nectady, Nea. 

Terman, Frederick E., assoc. prof. of E.E., Stan- 
ford University, Calif. 

Wilde, Oscar A., asst. E.E., Sun Shipbuilding [& 
Dry Dock Co., Chester, pas 


15 to Grade of Member 


Louis- 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute record. 
Any member knowing of corrections to these _ 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Clark, Merrill C., 161 Madison Ave., New York, 


IN WS, 

Handley, Wilbur H., 4416 Loren Ave., Los Angeles, 
Calif. 

MeNitt, Donald P., 1009 First Natl. Life Bldg., 
‘St. Louis, Mo. 

Ve Rene, 86-03 Britton Ave., Elmhurst, 
Thy, Ih, Wh SE. 

Miller, Frank D., Box 34, Yatesboro, Pa. 

Moellendick, K. F., L. A. Automotive Works, 

1010 Towne Ave., Los Angeles, Calif. 

Oisedley: Joseph’ A. E., 579—61st St., Bklyn., 

N. 


Patton, Nato P., Standish Arms, 169 Columbia 
Heights, Bklyn., INE AW 

Schultz, Carl H., 15 ‘Cook St., Jersey City, N. J. 

Stuntz, Hans, 106 Peck Ave., ‘Newark, Now. 

Tamburello, G., 307 West 20th St., N.Y. City. 

Thompson, B. F., Minas de Matahambre, Mata- 
hambre, Pinar Del Rio, Cuba. c 

Villegas, Lucio P., Tacoma General Hospital, 
Tacoma, Wash. 

Wagoner, K. S., 320 Wisconsin, Oak Park, IIl. 


14 Addresses Wanted 
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New Books 
in the Societies Library 


Among the new books received at the En- 
yineering Societies Library, New York, re- 
ently, are the following which have been 
selected because of their possible interest to 
the electrical engineer. Unless otherwise 
specified, books listed have been presented 
sratis by the publishers. The Institute as- 
sumes no responsibility for statements made 
in the following outlines, information for 
which is taken from the preface of the book 
in question. 


KEMPE’S ENGINEER’S YEARBOOK of 
Formulae, Rules, Tables, Data & Memoranda for 
1933-34. A compendium of Civil, Mech., Elec., 
Marine, Gas, Aero, Mine & Metallurgical Engg. 
Rev. by L. St. L. Pendred. 40th ed. Lond., 
Morgan Bros. (Publishers) Ltd., 1933. 2623 p., 
illus., 7x5 in., lea., 31s 6d. The current edition 
has undergone a very thorough revision, which 
undoubtedly will greatly increase its usefulness. 
All tables and general data have been revised, many 
illustrations replaced, obsolete material deleted and 
several entirely new articles added. 


METALLURGY of IRON and STEEL. By B. 


Stoughton. 4 ed. N. Y. & Lond., McGraw-Hill 
Book Co., 1934. 559 p., illus., 9x6 in., cloth, 
$4.00. The new edition of this standard textbook 


and work of reference is practically a new book, 
naving been entirely rewritten and rearranged. 
The subject is now presented largely from the his- 
torical point of view. 


MUNICIPAL ELECTRIC PLANT MAN- 


AGERS, Their Selection, Training, Salaries, and 
Tenure, with a list of Municipally Owned Plants in 
the U.S. Pub. Administration Serv. Pub. 38. 
By E. C. Macmahon. Chicago, Pub. Administra- 
tion Serv., 1934. 40 p., tables, 11x8 in., paper, 
$.60. This monograph is a study of the mode of 
selection, background, training and experience, 
salary, and tenure of managers of municipal elec- 
tric plants. The study is based upon the practice 
of 690 American municipalities, about 36 per cent 
of the active municipal plants of the country. 


NACHTRAG VI zum WERKSTOFFHAND- 
BUCH “NICHTEISENMETALLE.” Ed. by the 
Deutsche Gesellschaft fiir Metallkunde im Verei- 
deutscher Ingenieure. DIN A 5, 33 p. Berlin, 
Beuth-Verlag, 1934. illus., 2.20 rm. This supple- 
ment completes the series, as originally contem- 
plated. It includes papers on measuring instru- 
ments for mechanical testing, aluminum in the 
food industry, welding aluminum and its alloys, 
and methods of heat treating. 


NATIONAL ELECTRICAL CODE HAND- 
BOOK, based on the 1933 edition of the National 
Electrical Code. By A. L. Abbott. N. Y. & 
London, McGraw-Hill Book Co., 1934. 523 p., 
illus., 8x5 in., lea. In this handbook the provi- 
sions of the Code are grouped in a way that enables 
the user to ascertain quickly all the rules applying 
to any piece of work. Explanations, comments, and 
diagrams that clarify the rules have been added, 
with the aim of providing a helpful reference book 
for the engineer and contractor, and a systematic 
text for students. This edition is based on the 1933 
Code. 


PHYSICAL CONSTANTS. By W. H. J. 
Childs. Lond., Methuen & Co.; N. Y., E. P. 
Dutton & Co., 1934. 77 p., illus., 7x4 in., cloth, 
$1.20. Presents, in a volume which will go easily 
into the pocket, the constants which are in everyday 
use. Contains a large amount of information upon 
heat, light, electricity, magnetism, sound, and 
general physics, together with tables of logarithms 
and trigonometric functions. 


PHYSICAL OPTICS. By R. W. Wood. 3 ed. 
New York, Macmillan Co., 1934. 846 p., illus., 
9x6 in., cloth, $5.25. A clear, scholarly, and 
thoroughly modern treatment is afforded by this 
volume. As in preceding editions, the use of in- 
tricate mathematics has been avoided and physical 
pictures of the processes have been given. Special 
attention is given to describing experimental 
technique. 


SIGNALS and SPEECH ] 
COMMUNICATION. By J. Mills. N. Y., 
Harcourt, Brace & Co., 1934. 281 p., 8x5 in., 
cloth, $2.00. An attempt to give the general reader 
a few general principles, some illustrations, and as 
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far as practicable a physical and philosophical back- 
ground for the appraisal of present, and the imagi- 
nation of future, systems or means of communica- 
tion. The result is an unusual achievement; a 
clear, readable and accurate account of electrical 
systems of communication. 


SPANNUNGSVERTEILUNG iu KONSTRUK- 
TIONSELEMENTEN. By E. Lehr. Berlin, 
VDI-Verlag, 1934. 64 p., illus., 12x8 in., paper, 
7.50 rm. Special methods of investigation of the 
distribution of stresses in machinery by means of 
models, optical measurements, etc., have been 
developed, and numerous reports have been pub- 
lished which clarify the problem. These reports, 
however, are widely scattered and often under- 
standable only to specialists. The present publica- 
tion suinmarizes the results of these investigations 
in form for practical use. 


TECHNIK GESCHICHTE. (Beitrage zur, 
Geschichte der Technik und Industrie, Bd. 22, 
1933). Berlin, VDI-Verlag, 1933. 156 p., illus., 
12x8 in., cloth, 12 rm. The new volume of this 
annual contains papers on many branches of in- 
dustry. Early Alpine roads, transportation in the 
Middle Ages, pre-Christian foundry practice, the 
oldest use of iron, the earliest electric telegraph, 
the history of the windmill, and other topics are 
discussed by authorities. 


Die TECHNISCHE ELEKTROLYSE 
WASSERIGER LOSUNGEN, A.-Die technische 
Elektrometallurgie wdsseriger Lésungen, Die GAL- 
VANOTECHNIK, by G. Elssner. (Handbuch 
der technischen Elektrochemie, v. 1, pt. 3, ed. by V. 
Engelhardt.) Leipzig, Akademische Verlagsgesell- 
schaft, 1933. 448 p., illus., 10x7 in., cloth, 
41 rm.; paper, 39 rm A handbook of practical 
information on electroplating, electrotyping, and 
electroforming, intended for the electrochemist or 
engineer who wishes a concise, yet comprehensive 
review of these subjects. 


THEORY of 
Societies Monographs.) By S. Timoshenko. N. Y. 
& Lond., McGraw-Hill Book Co., 1934. 416 p., 
illus., 9x6 in., cloth, $5.00. Presents the funda- 
mentals of the theory of elasticity with special 
reference to the needs of the engineer. The pres- 
entation considers both 2-dimensional and 3- 
dimensional problems. The photo-elastic, soap- 
film, and other experimental methods are included. 
The book is the third of the series of Engineering 
Societies Monographs. 


ELASTICITY. (Engineering 


THERMODYNAMICS of ELECTRICAL 
PHENOMENA in METALS. By P. W. Bridg- 
man. N: Y., Maemillan Co.,. 1934. 200) ‘p., 
diagrs., 9x6 in., cloth, $3.75. During the past 10 
years Professor Bridgman has published a number 
of papers upon interrelations of a thermodynamic 
character between various electrical properties of 
metals. The substance of these papers, with some 
extensions and added relations, is now presented in 
this volume, which attempts a more or less sys- 
tematic application of classical thermodynamics to 
those electrical phenomena amenable to thermo- 
dynamic treatment. 


MECHANICS: Advanced General 
Theory. By J. Frenkel. Oxford (Eng.), Claren- 
don Press; N. Y., Oxferd Univ. Press, 1934. 524 
p., tables, 10x6 in., cloth, $12.00. Continues the 
comprehensive treatise begun with the publica- 
tion in 1932, of the author’s ‘“‘Wave mechanics: 
elementary theory.’’ This volume is devoted to 
the mathematical development of the ideas uuder- 
lying the new mechanics, to connecting it with 
classical mechanics and constituting it a complete 
self-supporting theory. 


WAVE 


ELECTRONS at WORK, a Simple and General 
Treatise on Electronic Devices, Their Circuits and 
Industrial Uses. By C. R. Underhill. N. Y. and 
Lond., McGraw-Hill Book Co., 1933. 354 p., 
illus., 9x6 in., cloth, $3.00. A comprehensive sur- 
vey of electronics, written without mathematics 
or undue use of technical language. The funda- 
mental principles and the ways in which the various 
tubes and cells function are clearly explained; and 
the applications of electronic devices in industry and 
biology are indicated in detail. Useful to those 
who wish to understand these devices or are in- 
terested in their industrial uses. 


AIR CONDITIONING. 2 vol. By S. R. 
Lewis. Scranton, Pa., Intl. Textbook Co., 1933. 
Illus., 8x5 in., lea., v. 1, $1.65; v. 2, $2.00. The 
subject of air conditioning is presented without 
complicated mathematics, practical methods being 
emphasized. The physics of air conditioning, 
equipment, refrigeration, heat transmission through 
buildings, piping and duct design, and temperature 
control are discussed, and a final section deals with 
design. 


AMERICAN INVENTORS. By C. J. Hy- 
lander. N. Y., Macmillan Co., 1934. 216 p., 
illus., 8x5 in., cloth, $3.00. The stories of 19 well- 
known inventors, from Franklin and Fitch to Jen- 
kins and De Forest, are briefly related in this book, 
which is intended for boys of a mechanical turn of 
mind. In spite of their brevity, the sketches are 
pleasant reading. 


BOOK of SCIENTIFIC DISCOVERY, How 
Science Has Aided Human Welfare. By D. M. 
Turner. Lond., Bombay & Sidney, G. G. Harrap 
& Co., 1933. 259 p., illus., 9x6 in., cloth, 7s 6d. 
This is a readable history of science, intended for 
popular reading and for use as a textbook. The 
development of science since the Middle Ages is 
outlined, with emphasis upon its effect upon society 
ana human welfare. The work is attractively 
illustrated. 


ELEMENTS OF RADIO COMMUNICATION. 
By J. H. Morecroft. 2 ed. N. Y., John Wiley & 
Sons, 1934. 286 p., illus., 9x6 in., cloth, $3.00. 
Aims to provide a sound, thorough course in a-c 
theory and its applications to radio communications 
for those without the preparation or the time 
called for by the author’s ‘‘Principles of Radio 
Communication.’’ Thoroughly revised. 


ENGLISH for ENGINEERS. By S. A. Har- 
barger. 3 ed. N. Y. and Lond., McGraw-Hill 
Book Co., 1934. 314 p., 8x5 in., cloth, $2.00. 
Designed to give the engineering student a good, 
practical command of the language for letter writ- 
ing and for preparing reports and technical articles. 
At the same time cultural reading is not overlooked, 
and sensible suggestions are given to guide the 
beginner. 


EXPLORING the UPPER ATMOSPHERE. 
By D. Fisk, with introduction by H. L. Brose. 
N. Y., Oxford Univ. Press, 1934. 166 p., illus., 
8x5 in., cloth, $1.75. A popular description, for 
nontechnical readers, of recent developments in 
stratospheric physics. Describes the investiga- 
tions of Professor Piccard and others by means of 
balloons and discusses sound as an explorer, ultra- 
violet rays and their discovery of the ozone layer, 
the paths of radio waves, polar lights, and cosmic 
rays. 


LOUD SPEAKERS, Theory, Performance 
Testing and Design. By N. W. McLachlan. 
Oxford (Eng.), Clarendon Press; N. Y., Oxford 
Univ. Press, 1934. 399 p., illus., 10x6 in., cloth, 
$13.50. An advanced, fairly complete treatment 
of the theory and practice of loud speakers. The 
first part is devoted to an analysis of the theoretical 
problems of speaker design, and in the second part 
the theory is applied practically. 


ROYAL TECHNICAL COLLEGE JOURNAL 
Vol. 3, Pt. 2, January, 1934, p. 205-334. Glasgow, 
Royal Technical College. Illus., diagrs., charts, 
tables, 10x7 in., paper, 10s 6d. Devoted to re- 
cording research work by.the staff and senior stu- 
dents of the College. Papers in this number in- 
clude: An example of magnetic aging, the deter- 
mination of the moisture content of wood, 2 appli- 
cations of the thin conical wall theory, parabolic 
weirs, viscous effects in dynamometer belts, elec- 
trode systems for dielectric loss measurements, 
and some notes on the ignition coil. 


SHORT WAVE WIRELESS COMMUNICA- 


TION. By A. W. Ladner and C. R. Stoner. 2 ed 
N. Y., John Wiley & Sons, 1934. 384 p., illus., 
diagrs., charts, tables, 9x6 in., cloth, $3.75. A self- 


contained presentation, largely nonmathematical 
in character and designed to meet the needs of 
professional engineers and radio operators, as well 
as amateurs. Enlarged by the addition of new 
material. 


Engineering Societies Library 
29 West 39th Street, New York, N. Y. 


Maninines as 4 public reference library 
of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
Inquiry to the director of the library will bring 
information concerning them. 
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in the statistics recently made available for 55 of the 64 cities spe- 
cially enumerated under the real property inventory recently taken 
by the U.S. Bureau of Foreign and Domestic Commerce, under the 
supervision of Daniel E. Casey. In the following table, compiled 
in the statistical division by Alanson D. Morehouse, chief statistician 
of the real property inventory unit of the U.S. Bureau of Foreign 
and Domestic Commerce, are shown the number of structures and 
dwelling units in these cities, with the number and percentage of 
dwelling units using or not using electricity for lighting and cooking, 
and the number and percentage of homes provided with mechanical 


[iealucteial Notes 


Summary of Real Property Inventory 


Tue vast potential market for electric, gas, and other lighting, 


refrigeration, distributed by geographical divisions and cities. (Pre- 

cooking, and refrigeration equipment in the United Statesisreflected liminary figures, July 20, 1934.) 
Dwelling Units 
Lighting Facilities Cooking Facilities 
No. of No. of Not Using Not Using No. With 
Geographic Divisions and Cities Struc- Dwelling Using Gas or Using Gas or Mechanical 
tures Units Electricity Electricity Electricity Electricity Refrigeration 
PPOCAIS TO OD CICS. oo. aiscos2-e waves eae hs 1,114,033. . 1,421,096. . .1.253,700 (88.7%)... . 160,380 (11.3%)....49,955 (3.5%)... .431,406 (30.3%) ...238,242 (16.8%) 
Geographic Divisions 
New, lneland ascot ee ee en ales 50,435... 85,417... 82,498 (96.6%).... 2,351 ( 2.8%)... 1,293 ( 1.5%)... 29,482 (84.5%)... 11,188 (13.1%) 
Midd lemAtlanticherynces oonrerureie ae 117,731 176,871... 170,608 (96.5%).... 5,300 ( 3.0%)... 619 ( 0.4%)... 19,016 (10.8%)... 26,243 (14.8%) 
Rast North Centrahy. cic. cece cts cacateses 99,677 117,858... 111,590 (94.7%).... 5,618 ( 4.8%)... 1,654 ( 1.4%)... 21,148 (17.9%)... 18,788 (15.9%) 
WestsNorth Central oy pocccdeccs secs 144,407 174,087... 163,670 (94.0%).... 9.924 ( 5.7%)... 1,149 ( 0.7%)... 41,430 (23.8%)... 35,140 (20.2%) 
SOUGHEACIANTICA. cs we ceria tetera aici 127,615 166,291... 128,482 (77.3%).... 36,138 (21.7%)... 4,174 ( 2.5%)... 77,563 (46.6%)... 30,998 (18.6%) 
Mast oodty Centrale oe vctdnlec sae 129,220 154,447... 103,185 (66.8%).... 50,908 (33.0%)... 1,588 ( 1.0%)...102,333 (66.3%)... 16,458 (10.7%) 
NVest South Centtaliiy 28 ace. nes ee 18L256... 2LS5;827650 17S 555 (83%) .-. O92 49 Loe Vo) ens 575 ( 0.8%)... 44,963 (20.8%)... 37,147 (17.2%) 
INTOUT CART altar aravatertreitessosiate leer secre 89,309... 114,828... 108,668 (94.6%)... 5,739 (13.8%). 5,796 (13.8%)... 51,790 (45.1%)... 21,870 (19.0%) 
EACHIO UA Pola = ciate Grnietis ataeiatreveilne «eid ban 174,383 215,470... 209,444 (97.2%).... 5,154 ( 2.4%). 23, 107 (10.8%)... 43,681 (20.3%)... 40,410 (18.8%) 
New England 
SUthiCtOM V tins ag ecteve me pikace as oe 4,252... CO1S 6,465 (97.6%).... 123° QS %) mene 217 (8:3%).... 23701 20:7%)a- OCS Gah) 
EN GSU WED ote shah laut ecrial sea -o-aduste noe 94s 4,646... WIC IRs: 7,595 (95.3%)... . 259 Go) eee 23 (0.3%).... 2,740 (84.3%)... 1,156 (14.5%) 
POCA VLG i hafetercked take se oe Sey td me Ne 10,475... 19,689... 18,858 (95.7%).... 533 (2.7%).... 294 (1.4%).... 5,868 (29.8%)... 2,884 (14.6%) 
WV APCE DUTY. MONIES ci yetine eave alee s 16,060... 30,304... 29,409 (97.0%).... 804 (2.6%).... 181 (0.6%).... 5,280 (17.4%)... 3,977 @31%) 
WOECESCER MNVLASSieiveh ac clotysteemiavsctiteainis, che UEMOOPA 55, OBY/E, 5 SHIA (COSA ass 632 (8.0%).... 578 (2:7%).... 14,224 (68:2%).—. 2103 sd 010%) 
Middle Atlantic 
Brmshamtot IN Y otis cites eetayads sears Oa Gy ee 32,409... 31,660 (97.6%)... . 692 (2:1%))... = 829 (1.0%).... 5,703 (17.6%)... 4,417 (13.6%) 
ete ee ass nar ntaveieaceye avons ee kee ea ene wise 25,194... 33,179... 32,424 (97.7%).... 638 (1.9%).... B82°OUG a. 21062) (622%) a. es Ob26 a 927m) 
SVACUSE EIN neo scle Fs eielcunis,crc cesar peta the 35,764... 56,3840... 55,3864 (98.2%).... TOL (U8 %)case 164103 %) an 2s O5nS 7-7) eee LO Ou Oa) 
PE EOMCONGAN J c2 0 itaatess cca ate eats ape aces 26,557... 42,802... 39,863 (93.1%).... 2,585 (5:9%).... 36 (0.1%).... 6,284 (14.6%)... 6,298 (14.7%) 
uaa msnorc ba te. clan sans ds Mears $459... 12,141... 11,297.(93:0%)=.. 684 (5.6%).... 58 (0.5%).... 2,862 (23.5%)... 1,677 (13.8%) 
East North Central 
MD SCAt eT Ul Sa terrsrtater vd inc ase es Gries cua, 14,662... 16,407... 15,164 (92.4%).... 1,081 (6.5%).... 28 (0:.2%).... 3,278 (19.9%)... 2,330 (14.2%) 
PCCHOSNART WVIG taht 5 orci so eM) Sn oe OE THOS Saere 13,843... 13,398 (96.7%)... 411 (2.9%).... 98 (0.7%).... 2,086 (15.0%)... 1,743 (12.6%) 
Ansty MICH. tiie diem Soke Semmes 18144225 20,815.55 .8 “20;4587(98:38%)-. .. 33801067 ne Ls Oda(os0%) ee 4,030 (19.7%)... 2,987 (14.3%) 
Peoria, Ill.?.. COPA OUI eee COA CIE IAS 31,206... 35,862... 33,619 (93.7%).... 2,138 (5.9%).... 150 (0.42%).... 7,405 (20.6%)... 7,363 (20.5%) 
Racine, Wis.?.. echt actos ste  SLeSGO.... —-20,2538..2 19,489 (96.2%).... 700 (2.4%).... 228°(1.1%)).... 2,818 (13.0%)... 2,917 (14:4%) 
MABESYING, ONION vali daaiats sesh ccacefoes'e 9,042... 10,678... 9,462 (88.6%)... . 958 (8.9%).... 95 (0.9%).... 1,481 (13.8%)... 1,448 (13.6%) 
West North Central 
Des Moines, lowal....0. cette. se 37,341... 44,858... 42,594 (94.9%).... 2,219 ( 4.9%)... 233 (0.6%).... 9,129 (20.3%)... 7,780 (17.3%) 
Fargo, NAR Ser tcc nas ee eee wale es 5,209... C401 7,276 (97.4%)... UWANKE IBID) A535 15 (0.2%).... 1,202 (16.1%)... 1,929 (25.8%) 
Lincoln, INGO Saino sa ita omens 18,780... 23,242... 22'550 (97.0%)... 504 24% )eee 102 (4.3%).... 4,403 (18.9%)... 6,403 (27.5%) 
Sioux aliseSs Dakss ot curamuarnn Stlsrasers 4,001 525 9,240.... 9,028 (97.7%)... . 192)( 2.0%)... 165 (1.7%).... 1,618 @7.5%)... 1,701. (184%) 
Springtelds Mos. ku. & ae Mages vs wee 14,801... 16,200... 13,880 (85.7%).... 2,202 (13.6%)... 109 (0.7%).... 7,809 (48.2%)... 2,783 (17.1%) 
SCAB OSEPH ywMLOur Hee slereys.c p cisceuenetereiets 16,686... 19,932... 18,350 (92.0%)..... 1,540 ( 7.7%)... Doe 2 5) mae 7,348 (36.8%)... 3,833 (19.2%) 
PD ODE Ka CAM eee syaite rac cctuersisreve fiaxs) wissen eens 16,300... 19,092... 18,079 (99.7%).... 995 ( 5.2%).... 61 (0.32%)... 3,169 (16.6%)... 3,216 (16.8%) 
WSC RISER RocaT  ar. tcreiere, cities supa steve me oan 27,729... 34,056... 31,913 (93.7%).... 2,093 ( 6.1%)... 213 (0.7%).... 6,752 (19.8%)... 7,495 (22.0%) 
South Atlantic 
ACHE WIC MING Corey.en te cea uaiena chee heat ee 10,833... 12,584... 10,139 (80.5%).... 2,434 (19.3%)... 815 (6.4%).... 9,498 (75.4%)... 2,013 (15.9%) 
Charleston, Gai ra nvr yea ie eee 10,759... OTe 2 8,926 (49.8%).... 8,950 (49.9%)... 182 (1.0%).... 11,414 (63.7%)... 1,637 ( 9.1%) 
Columbia, Se Cue ceaithtrsmvany ioestvn cum crue 10,000... L288 5.. 7,882 (64.6%).... 4,102 (33.6%)... 24 (0.2%).... 7,168 (58.8%)... 1,895 (15.5%) 
PNOGEMCE VEC sea con sy Winlilils o.nise le s.c'n 22,6356. . S)(Sonce 3,321 (87.7%).... 437 (11.5%)... 170 (4.5%).... 1,896 (50.0%)... 764 .(20.1%) 
ETCENRSDOLO EN ak Coles. ont etre cue pave toast 11,009... 12,061... 9,977 (82:7%)..... 2,050 (169%)... Bd2(2.9% eee 7h73ln(64:0%) noel See) 
Hagerstown, Mitten So Narnumienatae ae aa 5,035... 8,149... 7,706 (94.6%).... 394 (4.8%)... 265 (3.2%).... 3,504 (42.9%)... 1,592 (19.5%) 
Richmond, Vai Be ete dese: Sime, degre kes elo Wasmetite 41,201... 54,957... 43,697 (79.5%).... 11,121 (10.2%)... 1,924 (8.5%).... 24,257 (44.1%)... 14,102 (25.6%) 
WValtee limo Wim Wiae ts ers. cretsc. vs cre ic.ete oiele 36,152... 44,656... 36,834 (82.5%).... 6,650 (14.9%)... 442 (1.0%).... 12,095 (27.0%)... 6,781 (15.2%) 
East South Central 
Birmingham, OA Lehr pens ieccteeae ieee eee ccs 82,704... 101,721... 67,548 (66.4%).... 34,105 (33.5%)... 942 (1.0%).... 64,749 (63.6%)... 11,198 (11.0%) 
Jackson, IMiSS tence htons Bones oe e 9,563... 115422... 7,307 (63.9%).... 4,075 (35.7%)... SB (OWAns don 5,219 (45.7%)... 1,155 (10.1%) 
SHOX VINE ROL CIEL, ty sinus, eheiier Me. sues! SIS 29,188... 32,275... 22,161 (68.7%).... 10,018 (31.0%)... 629 (1.9%).... 26,156 (81.0%)... 3,524 (10.9%) 
BACAR recites satis coivperere agenicra relay Th OOk ae 9,029... 6,169 (68.3%).... 2,710 (80.0%)... 14 (0%)...... 6,209 (68.7%)... 581 ( 6.4%) 
West South Central 
PSATOMUROUM EC) eden cuit weiere cm see one 6,951... 7,692... 5,379 (69.9%).... 2,142 (27.8%)... NOU econ CHER eA aye 999 (12.9 
OklahomarGity, (Okla. Jas. se ance 40,093... 49,714... 43,135 (86.8%).... 6,114 (12.8%)... 103 (0.2%).... 6,470 ee 11,795 eee. 
Dallas, Texas!....................... 66,813... 83,628... 70,972 (84.8%).... 12,507 (14.9%)... - 298 (0.4%).... 17,187 (20.5%)... 13,894 (16.6%) 
PATLSUITT A OXAS Es qa. sccraeer nial aueteetee aa 12,849. 5. 14,407... 115321) (78:6%) 22. 3:0525 2120)... 41 (0.3%).... 5,043 (35.0%)... 2,166 (15.0%) 
Little ROCK APE. rc nie ohare eens cee 20,16. 27,792... ~ 20;089)(72:3%)...4 7,680) (27.4%)... 50 (0.2%).... 9,607 (34.6%)... 4,667 (16.8%) 
iWichitanhallis: “Rexst-01 cu wepsere leit nee 956676. 10,722... 8,968 (83.6%).... 1,735 (16.2%)... 67 (0.7%).... 1,639 (15.3%)... 1,418 (13:2%) 
ae Deaton ed reas ea ree knees 19372255. 21,8720). 9 15,691(71-7/%) 22. 6,068) (2727-9) ee 6 (0%)...... 1,785 ( 8.1%)... 2,208 (10.0%) 
ountain 
Albuquerque, EIN MLO niveare) Javea senoe 6,458... 7,820-=. 6,865 (87.8%)... . 928 (11.8%)... 64 ( 0.9%)... 2,996 (38.3%)... 1,124 (14.4%) 
FES CARTE PMN CL CULEO Marc A asd, stoia serv on ces snubsw whe lyeters DLO Kass 6,477... 6,362 (98.2%).... 210 ( 3.2%)... 1,917 (29.6%)... 3,169 (48.9%)... 1,307 (20.1%) 
Butte, Montana saceitteaer ith sie at yc a een ae 1,008a5-< 10,727... 10,540 (98.3%).... 126 ( 1.1%)... 1,098 (10.2%)... 6,394 (59.6%)... 991 ( 9.2%) 
Casper, Wyoming. RSA REM aorta ones ADT Oner 5,600... 5,108 (91.2%).... 477 ( 8.5%)... 31 ( 0.6%)... 673 (12.0%)... 813 (14.5%) 
ROSTER PALTZ OND Meteie. o=. 5.0 s siesta operoens 10,519... 14,392... 13,182 (91.4%).... 1,137 ( 7.9%)... 98 ( 0.7%)... 3,285 (22.8%)... 2,909 (20.2%) 
Pueblo, Colo.. LOSS2Ze 22340, 11,539 (90.7%).... 1,033 ( 8.1%)... 1,464 (11.5%)... 6,465 (50.8%)... 1,593 (12.5%) 
Reno, Nev.. cca: SCRE eee etic 4,652... 6,194... 5,953 (96.1%).... 121 ( 1.9%)... 1,330 (21.4%)... 2,973 (48.0%)... 1,360 (21.9%) 
Salt Lake City, ‘Utah! AROS 3 eee OEE 37,858... 48,175... 47,088 (97.7%).... 1,027 ( 2.1%)... 9,717 (20.1%)... 24,078 (49.9%)... 11,479 (23.8%) 
Sap Fe, N. Mex.. Ac 2,145... 2,720... 2,031 (74.7%).... 680 (25.0%)... 77 ( 2.9%)... 1,757 (64.6%)... 294 (10.8%) 
‘aci fic 

oatland; Oregon!) Verses. vs. «. 93,526... 115,270... 112,120 (96.3%).... 2,648 (2.2%)....21,266 (18.4%)... 34,383 (29.8%)... 23,665 (20.5 
Gaeramento, Calif. 1.) tee seer. -+- 28,292... 36,505... 35,144 (96.2%).... 1,126 (3.0%).... 1,406 ( 3.8%)... 5,504 Van 6,408 Gee 
Sant Diego) Calif. seen oeachai. - 52,565... 63,695... 62,180 (97.3%).... 1,380 (2.1%).... 435 ( 0.7%)... 3,794 ( 5.9%)... 10,337 (16.2%) 
1. Metropolitan district, city proper and environs. 2. Environs only. 3. City proper only. 
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Modern Through-Bolt Guying 


Through-bolt guying is rapidly 
replacing specifications for strand 
wrapped around pole with miscel- 
laneous accessory strain plates, 
J-hooks, etc. The M.I.F. Guy 
Hooks of patented type illustrated 
are now widely standardized for 
such through-bolt guying by rep- 
resentative Operating Companies, 
giving improved construction 
without increased cost. 


Sample P133 Guy Hooks have 
been sent to most other Companies 
east of the Mississippi for actual 
field installation. Any interested 
Engineer or Supt. is welcome to a 
sample on request. Any practical 
lineman, installing sample, wants 
more, as loop can be made up on 
ground and slipped over the Guy 
Hook. 


Send for Trial 
lot and Catalog 
featuring also 
Pole Mounts, Pole 
Stubbing Clamps, 
Cable Messenger 
Clamps, Tubular Pole 
Accessories, Crossarm 
Gains, etc. 


P133 Guy Hook develops full 
strength of 7/1.” strand, rated 
16,000 lbs., on °/3” through-bolt 
with !/," lag. P134 Crossarm Type Guy Hook accommodates 
strands to 7/i.”, incl., but lacks the lag and should not be rated 
much above 10,000 lbs. Either unit sells at $19.00 per 100, lower 
in quantity. Larger P132 unit sells for 10¢ more apiece, and de- 
velops full strength of larger strands on larger bolts to 1”, incl., 
using similar supporting lag. 


MALLEABLE IRON FITTINGS COMPANY 
Pole Hardware Dept. [ Ragland kates Onno ] Branford, Connecticut 
New York Sales Office: Thirty Church Street <i> 


Canadian Mig. Distributer: 
LINE & CABLE ACCESSORIES, Ltd., Terento 


\\ 
AYR 


Non-Rusting 
Ground Rodsand Clamps 


The Copperweld Grounding 

{ Wire Clamp; strong, non- 
Saw rusting, quickly and easily 
“BAW 
WIRE 


instatled. It gives a low- 
resistance, copper-to-copper 
grounding connection. 


The length of the rod is 
} stamped 6 inches below the 
top of every Copperweld 
Ground Rod, giving a per- 
manent record of depth. 


{f “COPPERWELD” appears 

| on every genuine Copperweld 
Ground Rod. The copper ex- 
terior, molten-welded to the 
rigid steel core, assures long 
life to your grounds. 


This shield of Hubbard and 
Company, national distribu- 
tors of Copperweld Ground 
| Rods and Grounding Clamps, 
is on every Copperweld rod. 


COPPERWELD STEEL COMPANY 
Glassport, Pa. 


2 


STATISCOPE 


For determining the status of 
Alternating Current Circuits 


Write for literature 


MINERALLAC FLECTRIC COMPANY 


25 North Peoria St., Chicago, III. 


New York City Office and 
Warehouse—381 Fourth Ave. 


AMERICAN BRIDGE 


COMPANY 


Subsidiary of United States Steel Corporation 


FABRICATED 


S TE Ew 


STRUCTURES 


TRANSMISSION 


TOWERS 


POWER 
HOUSES 


SUB- 
STATIONS 


ae: & 
American Bridge Company 
New Type—Rotated Tower 


General Office: Pittsburgh, Pa. — Offices In The Larger Cities 
PACIFIC COAST DISTRIBUTOR; EXPORT DISTRIBUTOR: 
COLUMBIA STEEL CO., SAN FRANCISCO « ts) U. S. STEEL PRODUCTS CO., NEW YORK 
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Music. .. in every room! 


In many modern hotels music selections or radio broadcasts—amplifies it— 
now makes rooms more home- delivers it with tonal quality that is natural 

like. Simply switch on the loud and clear. 
speaker and music is yours— Public address systems, talking picture equip- 
delivered via Program Distri- ment, broadcasting apparatus, aviation, marine 
bution System! and police radio telephone systems and hear- 
This Western Electric equipment—a_ prod- ing aids are still other outgrowths of Western 
uct of Bell Telephone makers — picks up the Electric’s long experience in Sound. All are 
music of the hotel orchestra, phonograph reliable —leaders in their respective fields. 


Western Elecfric 


GRAYBAR ELECTRIC—DISTRIBUTORS 


PLESASDLE RS IN Sz0O.U;.N-D T ReA NeSsMalec-oeiO-N A; P-PUA> ReAST URS 
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When Performance 
Produces 


Pennants 


through the grinding race of hot sum- 


mer days and dependable performance in 


critical games. 


The performance tests for brushes are the 
prolonged heavy loads, high commutator 


speeds and sudden peaks of industrial and 


transportation service. 


CHOOSE NATIONAL PYRAMID BRUSHES 


NATIONAL CARBON COMPANY, INC. 
Carbon Sales Division, Cleveland, Ohio 


Unit of Union Carbide UCC and Carbon Corporation 
Branch Sales Offices « New York + Pittsburgh « Chicago « San Francisco 


ENNANT winning demands endurance 


NATIONAL 
PYRAMID 
BRUSHES 


meet these exacting demands 
and keep the wheels 
of industry turning 


Exmployment Bulletin 


encinecring Societies | ead ay, Service 


AINTAINED by the national societies of civil, 

mining, mechanical, and electrical engineers, 
in cooperation with other organizations. An inquiry 
to any of the three offices will bring full information 
concerning the services of this bureau. 


A weekly bulletin of engineering positions open is 
available to members of the cooperating societies ata 
subscription of $3 per quarter or $10 per annum, pay- 
able in advance. 


Replies to the following announcements should be 
addressed to the key numbers indicated and mailed to the 
New York office. 

@ 


Men Available 


E.E. GRAD, 32, married; 11 yrs varied exper 
with pwr cos and consulting engrs. Valuation, 
appraisal and des of pwr stations, substations, etc. 
Consider anything to be of service. D-3149. 


ELEC CONTROL. Col grad, 34, single, 11 yrs 
Bell System; des apparatus and circuits for auto- 
matic control and vacuum tube circuits; des, in- 
oa aaa control eqpt for large chem plant. 


E.E., Univ grad; G.E. test; 10 yrs des, devpmt 
mfr all types induction, synchronous, D.C. ma-, 
chines, control; last 5 yrsin charge; 7 yrs erection, 
oprn, maintenance ry pwr plants, shops. B-7870. 


E.E., 36, grad, 1921, married, N.Y. license; 13 
yrs des, pwr devpmts, substations, indus plants, 
distribution, Itg, specifications, costs, elec valua- 
tion, supplemented with des concrete structures, 
mech layouts. Fieldexper. D-454. 


DRAFTSMAN, single, 31, desires connection 
with util or engr. Instrument exper; 5 yrs prac- 
tice. Transm line, irrigation, topographic, elec 
distr and tel exper. Available immed. C-7118 


E.E. GRAD, 23, single, Texas Tech ’34, desires 


pos with engg concern. Exper limited. Avail- 
able immed. Location immaterial. Salary 
secondary. D-3161. 


JUNIOR E.E., B.S. in E.E., Cooper Union 1933, 
age 23, single. Any kind of engg work. Avail- 
able immed. Location preferred in East. D-3154. 


RECENT GRAD of Lehigh Univ in E.E. Six 
mos exper in elec test dept of Consolidated Gas and 
Elec Co of Baltimore. D-3146. 


RECENT GRAD, B.S. in E.E., Marquette 
Univ; 5 yr co-operative course, 22, married. 
Exper: Oil burners, electrician, production plan- 
ning. Desires pos affording engg exper and ad- 
vancement. D-3179-5010-Chicago. 


B.Se., M.Sc. in E.E., cum laude, 25, single. De- 
sires any engg work. Interested in devpmt and re- 
search in electronic and radio fields. Speaks 
Russian, reads French. D-3168. 


E.E., B.S., Drexel Co-op, 1934, 22, single, good 
habits. Courses in pwr and illumination, good 
math. Desires pos in any engg or related field. 
Available immed, anywhere. D-3200. 


E.E., B.S., 1934, from co-operative engg school. 
Exper with ry co, oil co and in maintenance work. 
Will consider nominal salary to start. D-3199. 


E.E.,. B:S:, 
draftsman and letterer. 


1934, Vermont, single; first class 
Exper in tel instal, wir- 


ing, newspaper work and advertising. Desires 
practical engg exper. Good worker. Location 
immaterial. D-3129. 


E.E., B.S., 1934, Univ. of Ala. Desires oppor- 
tunity to obtain practical engg exper. Interested 
in radio and television; motor, generator, trans- 
former des; illumination. Location immaterial. 
Available immed. D-3198. 


B.E.E., 1934, Bklyn Poly Inst, 26, single; 31/2 
yrs plant dept Bell System; excellent commercial 
and scholastic ref; analytical ability; immed 
available for any engg pos, preferably with con- 
sulting engrs. D-3197. 


E.E. GRAD, 1934, Georgia Tech, young, single 
and capable for any asst pos in E.E. field. Good 
student. Available immed anywhere in the U.S. 
D-3228. 


GRAD PRATT INST, 1934, Indus E.E., 20, 
single. Desires E.E. work with opportunity for 
advancement; N. Y. or vicinity preferred. Avail- 
able now. D-3212. 


ENGG GRAD, Pratt I.E.E., 733; 8 yrs sub- 
station oprn, maintenance and repair including 5 
yrs in automatics; thoroughly familiar with super- 
visory control. Seeks pos as engg asst. D-3119. 


E.E., B.S., 1932, Univ of ‘Colo, M/S:7 1933; 
Iowa State Col; 23, single. One yr exper col 
teaching; one yr research, col experiment station. 
Desires any E.E. work. D-3241. 


E.E., B.S., 1930, 31, married; 10 yrs substation, 
steam station, oprn, trouble shooting on apparatus 
and auxiliaries. Also wiring, maintenance, shop 
exper. Desires pos with chance for advancement. 
Prefers West Coast. D-3213-347-C-San Francisco. 


PATENT ATTORNEY, exper patent prosecu- 
tion; 7 yrs patent exper, 2 yrs elec engg exper, 
knowledge French, German, member N. Y. and Dis- 
trict of Columbia Bars; law, engg and accounting 
education. D-3147. 


GRAD with M.S. deg in E.E.; 9 yrs exper pro- 
duction and asst to chief engr with large radio 


concern. Familiar with all phases of production 
and radio engg. Location, East. D-3206. 


ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 


NEW YORK 
31 W. 39th St. 


SAN FRANCISCO CHICAGO 
57 Post St. 211 W. Wacker Dr. 


uN 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


AucustT 1934 


BLACK & VEATCH 
Consulting Engineers 


Water, Steam and Electric Power Investiga- 
tions, Design, Supervision of Construction, 
Valuation and Tests 


Mutual Building KANSAS CITY, MO. 


BYLLESBY ENGINEERING AND 
MANAGEMENT CORPORATION 


Wholly-owned Subsidiary of 
Standard Gas and Electric Company 


231 South LaSalle Street 
CHICAGO 


New York Pittsburgh San Francisco 


EDWARD E. CLEMENT 


Fellow A.LE.E. 


Attorney and Expert 
in Patent Causes 


Soliciting, Consultation, Reports, 
Opinions 


1509 Decatur St., N. W. 
WASHINGTON, D. C. 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


221 No. LaSalle Street CHICAGO 


Pratessonal lerenineorincy Directory 


For Consultants in Engineering and Allied Sciences 


FREYN ENGINEERING 
COMPANY 


Industrial Electric Power 
Generation—Application—Purchase 

Combustion Engineering 

Electric Furnace Installations 

310 South Michigan Ave. CHICAGO 


JACKSON & MORELAND 


ENGINEERS 
Public Utilities—Industrials 
Railroad Electrification 
Design and Supervision—Valuations 
Economic and Operating Reports 


BOSTON NEW YORK 


To appear in the following 
issue, cards must be re- 
ceived not later than the 
20th day of the month. 


SANDERSON & PORTER 


ENGINEERS 
for the 


FINANCING—REORGANIZATION— 
DESIGN—CONSTRUCTION 


of 
INDUSTRIALS and PUBLIC UTILITIES 


Chicago New York San Francisco 


When you require technical advice—— 


Or a solution to an engineering problem 


SARGENT & LUNDY 


Incorporated 
ENGINEERS 


20 NORTH WACKER DRIVE 
CHICAGO, ILLINOIS 


THE J. G. WHITE 
ENGINEERING CORPORATION 
Engineers——Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 
Transmission Systems, Hotels, Apartments, 
Offices and Industrial Buildings, Railroads 


43 EXCHANGE PLACE NEW YORK 


HORACE L. WOODWARD 
Registered Attorney 
Patents—Copyrights— Trade-Marks 


Validity, Infringement and Preliminary 
Examinations. Interference Causes, 
Briefs in Infringement Causes. Diffi- 
cult Cases Prosecuted. Correspond- 
ence invited. 


303-A Victor Building Washington, D. C. 


J. G. WRAY & CO. 
Engineers 


Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
ans — Organizations Estimates 
Financial Investigations Management 


105 West Adams St., Chicago 


CONSULT THIS DIRECTORY 


APPLIED ACOUSTICS 


By H. F. OLSON, E.E.Ph.D. & F. MASSA, B.S., M.Sc. 
Acoustical Research Engineers, RCA-Victor Co., Inc. 


444 Pages 228 Figs. Fabrikoid, $4.50 


A modern book on the theory, design, construction, 


operation and analysis of modern acoustical and electro- 


INSTRUMENT 
PRECISION 
1/100 amp. up. 
e 
RADIO 
Rosin coated 
elements. Up 
to 3 amps. 
& 
HIGH 
VOLTAGE 
1,000, 5 nap 

40 0,000 V 


acoustical apparatus. Mechanical and acoustical systems 


1/16 emp. up. are converted to equivalent electrical systems throughout 
Allow us to send technical data. aoe the book in order to treat the subject from the electrical 
e pe Cer ead engineering standpoint. 
1 to 30 amps. 
LITTELFUSE LABORATORIES — j,ourmcs P. BLaKIsTon’s Son & Co., INC. 
4511 Ravenswood Ave., CHICAGO, ILL. All kinds. ean pe EEL EDS 
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Index to Advertised Products 


AIR COMPRESSORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETER, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


BATTERY, CHARGING APPARATUS 
Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady, N. Y. 


BRUSHES, COMMUTATOR 
National Carbon Co., Cleveland, O. 


CABLE ACCESSORIES 
Minerallac Electric Co., Chicago 


CIRCUIT BREAKERS 


Air-Enclosed 
I-T-E Circuit Breaker Co., Philadelphia 
Oil 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


CLAMPS, GUY & CABLE 


Malleable Iron Fittings Co., Branford, Conn. 


COILS, MAGNET 


General Cable Corp., New York 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


CONDENSERS, RADIO 
General Radio Co., Cambridge, Mass. 


CONTROLLERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
CONVERTERS, SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


DYNAMOS 
(See GENERATORS AND MOTORS) 


ENGINES, GAS, OIL, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 


FURNACES, ELECTRIC 
American Bridge Co., Pittsburgh 


GENERATORS AND MOTORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


GROUND RODS 
Copperweld Steel Co., Glassport, Pa. 


INSTRUMENTS, ELECTRICAL 


Graphic 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Indicating 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Integrating 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Radio 
General Radio Co., Cambridge, Mass. 


Scientific, Laboratory, Testing 
General Electric Co., Schenectady, N. Y. 


INSULATING MATERIALS 


Cloth 
Minerallac Electric Co., Chicago 


Moulded 
Bakelite Corp., New York 


Compounds 
General Cable Corp., New York 
Minerallac Electric Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


Tape 


General Cable Corp., New York 

Minerallac Electric Co., Chicago 

Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Varnishes 


Bakelite Corp., New York 
Minerallac Electric Co., Chicago 
INSULATORS, PORCELAIN 


General Electric Co., Schenectady, N. Y. 
Locke Insulator Corp., Baltimore 


LIGHTNING ARRESTERS 
General Electric Co., Schenectady, N. Y. 
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LOCOMOTIVES, ELECTRIC 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


METERS, ELECTRICAL 
(See INSTRUMENTS, ELECTRICAL) 


MOTORS 
(See GENERATORS AND MOTORS) 


POLE LINE HARDWARE 
Locke Insulator Corp., Baltimore, Md. 
Malleable Iron Fittings Co., Branford, Conn. 


POLE MOUNTS 
Malleable Iron Fittings Co., Branford, Conn. 


POTHEADS 
General Cable Corp., New York 


PUMPS 
Allis-Chalmers Mfg. Co., Milwaukee 


RADIO LABORATORY APPARATUS 


General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Western Electric Co., All Principal Cities 


RECTIFIERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


REGULATORS, VOLTAGE 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
RELAYS 


General Electric Co., Schenectady, N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 


ROPE, WIRE 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


SOUND DISTRIBUTION SYSTEMS 
Western Electric Co., All Principal Cities 


SPRINGS 
American Steel & Wire Co., Chicago 


STARTERS, MOTOR 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


STEEL, STRUCTURAL 
American Bridge Co., Pittsburgh 


SUB-STATIONS 
Allis-Chalmers Mfg. Co., Milwaukee 
American Bridge Co., Pittsburgh 
General Electric Co., Schenectady, N. Y. 


SURGE ABSORBERS 
Ferranti, Inc., New York 
SWITCHBOARDS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 


SWITCHES, AUTOMATIC TIME 
General Electric Co., Schenectady, N. Y. 
Minerallac Electric Co., Chicago 


SWITCHES, DISCONNECT 
General Electric Co., Schenectady, N. Y. 


SWITCHES, GENERATOR FIELD 
I-T-E Circuit Breaker Co., Philadelphia 


TOWERS, TRANSMISSION 
American Bridge Co., Pittsburgh 


TRANSFORMERS 


Distribution 


Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 


Factory 
Allis-Chalmers Mfg. Co., Milwaukee 
Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
Metering 


Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti, Inc., New York 


Power 


Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 


Radio 


Ferranti, Inc., New York 
General Radio Co., Cambridge, Mass. 


TURBINE GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


TURBINES 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


WELDERS, ARC 
General Electric Co., Schenectady, N. Y. 


WELDING WIRE 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


WIRES AND CABLES 


Armored Cable 


American Steel & Wire Co., Chicago 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Asbestos Covered 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Automotive 


American Steel & Wire Co., Chicago 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Bare Copper 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 

Roebling’s Sons Co., John A., Trenton, N. J. 


Bronze 
Copperweld Steel Co., Glassport, Pa. 
Copper Clad 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 


Copperweld 
Copperweld Steel Co., Glassport, Pa. 
Flexible Cord 


American Steel & Wire Co., Chicago 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Fuse 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Heavy Duty Cord 


American Steel & Wire Co., Chicago 
General Cable Corp., New York 

Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J, 


Lead Covered (Paper and Varnished Cambric 
Insulated) 


American Steel & Wire Co., Chicago 
General Cable Corp., New York ; 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Okonite-Callender Cable Co., The, Inc., 
Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Magnet 


American Steel & Wire Co., Chicago 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Rubber Insulated 


American Steel & Wire Co., Chicago 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Tree Wire 


American Steel & Wire Co., Chicago 
General Cable Corp., New York 

Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Trolley 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 

Roebling’s Sons Co., John A., Trenton, N. J. 


Weather proof 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
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A DISTINCTIVE 


AMERICAN BUSINESS 


THE Bell System is a widely owned organization 
operating a public service under federal and state 
regulation. 

Its threefold purpose is to give the public the best 
telephone service at the lowest possible cost, give 
steady work at fair wages to its hundreds of thousands 
of employees and pay a reasonable return to the men 
and women who have invested in it. 

The constant endeavor of the management is to 
deal equitably and honorably with each of these 
There 


groups. There is no reason to do otherwise. 


BELL TELEPHONE SYSTEM 


AucustT 1934 


are 675,000 people who own the stock of the parent 
company—American Telephone and Telegraph. They 
are the owners of its nation-wide property. They are 
your neighbors. They live in every state of the Union 
and their average holding is twenty-seven shares. No 
individual or organization owns as much as one per 
cent of the stock. 

In the truest sense, the Bell System is a business 
democracy—born in America, brought to its present 
stature by American enterprise, financed and operated 


by and for the people of America. 


INCREASE 
SENSITIVITY 


OF ALL TYPES OF A-C MEASURING DEVICES 


The Type 514-A Amplifier increases the 
sensitivity of a-c galvanometers 200 
times. Permits substitution of inexpen- 
sive meter for telephones in bridge meas- 
urements. Amplification constant over a 
wide frequency range. 


Frequency range: 50 cycles to 50 kc 
Amplification: 200 feeding 20,000 ohms 

50 feeding 5,000 ohms 
Input impedance: 1 megohm 


Price: $76.00 


GENERAL RADIO COMPANY 
CAMBRIDGE A MASSACHUSETTS 


ADVERTISEMENTS 


RATES: Fifty cents per line; minimum charge 
based on use of five lines; maximum space cannot 
exceed twenty lines. Copy is due the 15th of the 
month preceding publication date. 


WANTED—by large electrical manufacturing company, 
electrical engineer under age of 40, with broad practical 
experience in the design and testing of large high and slow 
speed synchronous machines. Applicant must have 
thorough theoretical training and be familiar with the 
latest theories in synchronous machine design. Apply by 
letter stating age, education, experience and salary ex- 
pected. Address Box 166, ELECTRICAL ENGINEER- 
ING, 33 West 39th St., New York. 


WANTED: COPIES of the January, and March (1934 
issues of ELECTRICAL ENGINEERING are requir 
to meet the demand for these back numbers. In mailing 
such copies, please address them to American Institute of 
Electrical Engineers, 33 West 39th St., New York, print- 
ing your name and address upon the enclosing wrapper. 
Twenty-five cents will be paid for each copy returned. 


ENGINEERS— INVENTORS — MANUFACTURERS 
We possess exceptional facilities for doing your experimen- 
tal work—models, dies, tools, instruments, light machinery 
—general manufacturing—inventions developed. Over 
30 years’ specialized service. Manufacturers’ & Inventors’ 
Electric Co., 228 West Broadway, New York. 


JUST PUBLISHED— 


Specific, dependable information on— 
electrical measuring instruments and 
testing apparatus, and on their use in 
testing mechanical and electrical equip- 
ment—is now available to industry 
through the completion of the report— 


“ELECTRICAL 
MEASUREMENTS” 


JRORMULATED by the Committee on Instruments and 
Apparatus of the ASME Committee on Power Test 
Codes, this report is intended to define standard methods for 
the electrical measurements required by the various test codes 
which have been developed for prime movers and other 
auxiliary equipment. 


In addition to material on instrument transformers, load 
rheostats, input of motors and output of generators, the re- 
port covers voltage, current, power, energy, resistance, 
frequency, and power factor measurements. 


The report was developed in cooperation with the AIEE 
Standards Committee. 


The price is $1.25, but AIEE members who place orders 
promptly may obtain copies at $1.00 each. Orders with 
remittance should be sent to 


Publication-Sales Department 
THE AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS 


29 West 39th Street, New York, N. Y. 
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